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THE CAREER OF A TECHNICAL PAPER. 


The relentless march of time necessarily brings with it anniver- 
saries which serve as milestones in the history of institutions, as 
well as of men and nations, and it is a natural and appropriate thing 
that note should be taken of such occasions. These anniversary sea- 
sons and periods are not only enjoyable but useful, and even when 
sad may carry with them some lesson or stimulus. It sometimes hap- 
pens that these memorial occasions are of interest chiefly to the per- 
son most directly concerned, but in the case of a journal, for ex- 
ample, whose sphere of activity and influence may be co-extensive 
with the boundaries of the art it represents, and even overpass them, 
it is believed that an anniversary such as that which is celebrated by 
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mirror and to foster. This ;ourn.! began its career in 1874 as the 
Operator, founded as an organ of a very modest character for teleg- 
raphers, but it was no sooner started than it saw new opportunities 
in the coming developments of electricity, so that in 1876 the tele- 
phone was hardly invented before the Operator began to discuss it. 
In the same way it noted also the beginnings of electric lighting, and 
in the year 1882 published a series of articles on the subject which 
were recognized as doing a great deal to educate engineers and the 
public in the principles and adoption of the new illuminant. The 
year 1882 saw also the first issue of The Electrician, which seventeen 
years later, in another guise, was destined to be consolidated with 
the Operator, also under another name. 





In January, 1883, the little telegraph journal became The Operator 
and Electrical World, but its growth throughout the earlier part of 
that year was so rapid it was realized that it would be better to 
make a further change, and on April 28 the current was subdivided 
and The Electrical World began its separate career. The next year, 
1884, witnessed the electrical exhibition in Philadelphia and the 
electrical congress there, both events giving a great stimulus to the 
art, and the same year saw also the foundation of the American In- 
stitute of Electrical Engineers, the organizing circular for which 
was issued by the editors, and from the offices, of The Electrical 
IVorld. At that exhibition also a great stimulus was given to the 
use of electricity in printing, by the use of an electric motor there, 
with which some 70,000 copies of the paper were printed. In 1888 
The Electrician became The Electrical Engineer, but remained a 
monthly until 1890, which witnessed its first weekly issue. In 1894 
The Electrical World, which had been published in the familiar old 
folio style, still favored by some weekly journals, adopted its present 
quarto style, which has been found much more convenient by readers 
and which had always characterized The Electrician. A period of 
absorption and consolidation now set in, the Electric Railway Ga- 
sette being absorbed in 1896, while in 1899 the consolidation took 
place of The Electrical World and The Electrical Engineer, the 
change of ownership and management being accompanied by the 
adoption of the title ELecrricAL WorLp AND ENGINEER, under which 


for the past five years the journal has been conducted. 





This in brief, and not touching on many points of interest, is 
the record of the journal as a publication and business. A word or 
two may be added with regard to the personnel of the institution, 
omitting those at present connected with it. On the business side 
and also in regard to a great deal of the editorial work, the papers 
which have gone to make up the present journal enjoyed the energy, 
activity and sound business acumen of such men as Messrs. W. J. 
Johnston, G. M. Phelps, C. E. Stump and F. R. Colvin. The edi- 
torial staff, impressing upon the various journals the stamp of high 
ability, sound judgment, strict impartialty and the conscientious 
discharge of journalistic duty, has included such men as F. L. Pope, 
C. O. Mailloux, Louis Bell, C. J. H. Woodbury, Joseph Wetzler, 
J. E. Woodbridge, R. W. Pope, N. S. Keith, H. W. Frye, G. H. 
Stockbridge, C. T. Rittenhouse and C. T. Child. Several of these 
men, some of whom have passed away, distinguished themselves 
not only by editorial skill, but by accomplishment in other fields of 
electrical endeavor, and their work constitutes in large measure 
whatever of strength and importance this publication may now pos 


sess as the recognized leader in electrical journalism. 





Thirty years is perhaps a long time in the life of a journal, espe 
cially in the technical field, but is not a particularly long period in 


any art. Electricity, however, is unquestionably quite young as 


compared with other branches of science and industry, and as one 
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looks back over the past thirty years it is hard to believe that any 
period of equal duration could be more closely crowded with glorious 
life and achievement than has been the era 1874-1904. But should 
coming years hold in them potentialities and accomplishments in 
electricity greater than any that have been known in the past, it is 
hoped and believed that the ELecrricaL WorLp AND ENGINEER and 
those who conduct it will be found adequate and faithful to every 
demand that may be made upon them in the production of a fearless, 
progressive, authoritative and independent journal. 


a 


SIDE LIGHTS OF HISTORY. 
In preparing to issue an anniversary number celebrating the close 


of its thirty years of continuous existence and beginning its fourth 
decade, the ELectricAL WorLp AND ENGINEER believed that while it 
was unnecessary and superfluous to recapitulate seriously the whole 
marvelous record of the period between 1874 and 1904, it might do 
something that would be of lasting value and interest by giving 
space to the ideas and reminiscences of some of the men who had 
been leaders as thinkers and workers during the time named. The 
events connected with the evolution and development of modern 
telegraphy, the telephone, the arc light, the incandescent lamp, the 
electric motor, the electric railway, electric lighting, electric heating 
and other branches, are pretty familiar to-day and may be found 
in the books. But there is still unwritten a great deal of personal 
history and reminiscence which must in days to come constitute for 
the historian and the student much of the material that will be most 
valuable in re-creating the actual atmosphere and events sur- 
rounding those great inventions at the time of their birth and during 


their struggles for foothold and supremacy. 





The editors of this journal deem themselves fortunate to have 
been able to bring together within the pages of this present issue so 
large a volume of personal recollections and data belonging in the 
class which the French call happily memoirs pour servir, and having 
that charm and fascination which must always attach to autobiog- 
raphy. It will be seen that these articles cover all the great inven- 
tions of the period and that many of them present facts under new 
illumination. It might indeed be urged that a single issue embrac- 
ing the contributions of such well-known captains as Edison, Tesla, 
Sprague, Coffin, Griffin, Kennelly, Bell, Anthony—to name but a 
few—has by that very reason a unique permanent value. Such 
articles are, indeed, side lights of history, but they are something 
more, especially when thus brought together in celebration of a 
specific anniversary in the art which has seen such wonderful and 
unparalleled expansion during the past thirty years. The ELEcTRICAI. 
Wor_Lp AND ENGINEER is proud to present the contributions of these 
friends, whose presence in its pages at such a time it regards as a 
mark of good will and esteem; and it takes this opportunity of ac- 
knowledging its deep appreciation, as well as of expressing its sense 
that it is thus pledged to even greater effort in the future. 

- ‘ Ti eel 
THE PORTRAIT SUPPLEMENT. 

In connection with its present anniversary issue, the ELEcTRICAL 
WorLp AND ENGINEER has thought that it might be interesting to 
give in one group the portraits of some typical leaders in the thirty 
years of American electrical development included in its own life- 
time, namely, 1874 to 1904. This period misses narrowly the cre- 
ators of the telegraphic era in America, but includes the pioneers in 
every other branch, as well as one or two men who may be regarded 
as bridging the gap between the old world and the new of electrical 
development. It is thought, therefore, that the Supplement to this 
issue will be found of more than general interest, and that while 


it is likely to be preserved for its intrinsic value, it will also serve 
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to suggest a tew timely thoughts as to the scope and variety of the 
modern science and its applications. Electricity has laid hands upon 
so many departments of life and has affected so many branches of 
industry, finance and commerce, it is no longer possible to find its 
leaders or its heroes in one separate class or group of men. The field 
has already become so wide and so large, it is only possible in such 
a supplement as is here presented to include leaders who are typical 
and alongside whom might be placed others with propriety, pre-emi- 
nent in their own group or class, were it not for the claims which 
other categories have for consideration and inclusion. 





In the field of pure science one would certainly select and name 
first of all Prof. Rowland, honored abroad even more than in his 
own country, yet even he did not disdain to work on the utilitarian 
side of electricity and to take out patents. With him might well 
be classed Dr. Pupin as representing the present physical and educa- 
tional sides of electricity, himself also an inventor and patentee of 
no mean order. As between the old school of telegraphy and the 
modern school of electrical engineering there would seem to be little 
in common, for Edison is the only connecting link between Gray 
and Farmer, of the earlier period, unless we take into account F. L. 
Pope, who doubtless had higher claims as the typical electrical jour- 
nalist of the last century. Farmer again belongs not only to the 
telegraphic stratum or branch, but is connected with the new dynamo 
days through Weston, who also exemplifies the evolution of the 
modern electric lighting and power art out of the prior electroplating 
practice. It is true, of course, that in a broad sense the telephonic 
group of inventors ought to be considered as lineal descendants of 
the telegraphers, but there is no question that such men as Bell and 
Blake have dealt with an altogether different set of problems from 
those which confronted Morse and House; and that in the tele- 
phonic engineering done by Carty and his colleagues there is no 
parallel whatsoever to be found in any other branch of electrical 


engineering. 





It is the electric lighting period which introduces us to a great 
group of notable men and brings to the front the large manufacturers 
typified by such brilliant examples as Coffin and Westinghouse, the 
first of whom, however, has devoted his energies entirely to the 
financial development and industrial exploitation of the art, while 
Westinghouse has further claims to consideration as a designer and 
inventor. Here again he links with Wheeler as a manufacturer, 
engineer and inventor, while Wheeler has the further distinction 
of laying the foundations broadly and liberally of the Institute 
Library and of thus setting in motion the forces which have of late 
brought electrical engineering in closer touch with the older pro- 
fessions than ever before. In the electric lighting field, Edison at 
once comes to the front again as he does in those of telegraphy and 
telephony; while shoulder to shoulder with him stand such masters 
as Brush, Thomson and Wood, the work of each man being that of 
a successful pioneer. Edison again forms a starting point in regard 
to the electric railway art, going back also to Farmer and embracing 
men whose names will be even more widely known in the future 
than that are to-day, such as Sprague and Van Depoele. In the 
manipulation, transmission and distribution of current beginning 
with this modern period of electric light and power, are associated 
again most intimately several who have already been mentioned and 
others in the group, such as Stanley, Steinmetz, Scott and Shallen- 
berger, the last of whom indeed might well be considered along 
with Weston, Thomson and Edison in the invention and perfection 
of measuring instruments. Quite in a class by himself from his 
advanced and daring work and predictions as to the future, is Tesla, 
although he ranks high already chiefly through his successful efforts 
to render alternating current available for power and transmission 
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purposes. Going back to the earliest days of electrical development 
on the chemical line of advance, one must include such men as 
Farmer, Edison and Weston, but these would not be chosen as typical 
of the latest period; and it is for this reason that in this group places 
of honor are given to such men as Hall, Cowles, Acheson and Brad- 
ley, although the last two named have further claims to considera- 
tion; one as a pioneer in the electric lighting field, and the other as 
a most fertile and progressive inventor of dynamo electric apparatus. 





But even when all this has been said, and a fair ascription of 
credit has been made to these men and the colleagues or branches 
whom they represent, a great deal of work is left untouched of equal 
value and importance in rounding out the availability of electricity 
to the public. It is for this reason that portraits are presented of 
such men as Leonard, inventor and engineer in many fields, and par- 
ticularly prominent in that of resistances and electric heating. Other 
vital lines of work are typified by Pearson as a designer of central 
power plants; Insull, not only a manufacturer but a typical central 
station manager supplying current in enormous volume for every 
public necessity ; or Kellogg, also an inventor, but conspicuous chiefly 
as a manufacturer and as a typical figure in the wonderful inde- 
pendent telephone movement which has been one of the leading elec- 
trical features of the present century, and has affected very other 
branch of electrical industry. Last but not least, comes Fish, typical 
in every way of the prominent part played by the legal fraternity in 
electrical development from its very beginning, and himself one who 
has contested more causes of tremendous importance in the elec- 
trical field than any other man living or dead, while again necessi- 
tating consideration as the business head of the greatest telephonic 


system in the world. 





It is easy to imagine the substitution of other men for some of 
those whose portraits are presented in this Supplement, especially if 
undue weight is given to the claims of some particular field or branch 
of electrical industry over the others. The attempt has been made, 
however, to select men who, individually and collectively, may be 
taken to stand for the sciences and arts to which they have devoted 
their lives and whom their associates agree in honoring as typical 
leaders in thé past thirty years of American electrical development. 





A CAMPAIGN OF PUBLICITY. 

It always seemed to us, as well as to a great many other people, 
that the advertising pages of any paper are one of its most inter- 
esting and instructive features; and this idea is particularly true 
with regard to technical and trade papers from the fact that so 
much apparatus is therein illustrated and described. The manu- 
facturer in his own space in the advertising columns is practically 
at liberty to show what he likes and say what he likes with regard 
to his apparatus, and very often he first puts on view there with 
all its claims the device or appliance for which superiority over - 
everything else in the same field is asserted. It thus happens that 
the advertising pages of such a journal as the ELectricAL WorLpD AND 
ENGINEER throughout a term of thirty years and such a period as that 
which it celebrates in this issue, present an invaluable picture of 
the industrial development of the time, one that could not possibly 
be overlooked or neglected by any person who would later seek to 
make himself acquainted with what had been done in the industry. 
From the first advertisement inserted in the pages of the old 
Operator down to the current issue of its lineal successor, the 
ELECTRICAL WoRLD AND ENGINEER, with its 196 pages of advertising 
in the single issue—high-water mark in electrical advertising in 
America—the stream of history is unbroken, and all the points of 
advance are sharply and strikingly defined. We would not like to 
say that if the reading pages were omitted the art could still be 
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reconstituted from these advertising pages, for that would over- 
look the great development of engineering theory and scientific re- 
search out of which inventions grow; but it is nevertheless a state- 
ment capable of being sustained that every great outburst of in- 
ventive activity has made a clear and indelible imprint in those ad- 
vertisements. 





This is one aspect of the question of advertising, but there is an- 
other which is of vital importance to the manufacturer, and that is 
the success which should attend his efforts to reach the public and 
to market his goods. We must therefore take it to be a conceded 
fact that the notable extent to which the advertising pages of this 
journal have been used as a means of influencing trade has been 
found justified by those who have spent their money so liberally to 
secure publicity. And from the past we would derive a cheerful 
augury as to the future, for it is to-day better understood than it 
ever was at any time during the last thirty years that publicity must 
be sought scientifically, persistently and liberally. Each new de- 
velopment in electricity has required means for reaching the atten- 
tion of a new set of customers, but the great broadening out of the 
area of contact with the public thus necessitated has, we believe, 
found this journal ready for the test and equal to it. In fact, it is 
no presumption to say that in some respects and very often this 
journal has had to advocate causes that appeared like forlorn hopes, 
and to keep hammering away at developments which it seemed 
would never “arrive.” But as Mr. Ayer has pointed out in his in- 
teresting article, it has been strange how few of the electrical in- 
ventions up to date have failed to justify the hopes of their parti- 
sans and promoters, and this we feel must be attributed in very 
large measure to the publicity and advertising that has been secured. 





If we were to want a justification of our point of view we could 
desire no better proof than the article which Mr. Arthur Warren 
has recently contributed to one of the New York dailies. This gen- 
tleman, as is well known, was for some years past at the head of 
the advertising bureau of one of the largest electrical corporations 
in this country, and his whole article is an insistence upon the neces- 
sity of advertising and the remarkable gains which follow judicious 
expenditures. As he says, “There was a time when good wine needed 
no bush; when great industrial concerns scorned publicity; but 
competition has changed the conditions in the last half-dozen years.” 
Every one familiar with the field of industrial development must 
recognize the truth of this, but it seems to us that very few men 
yet, in the electrical field, realize how largely their business could 
be built up beyond its present figures by aggressive campaigns of 
publicity. As Mr. W. F. White points out elsewhere in his sug- 
gestive remarks on the growth of the sale of current, the gross re- 
ceipts from the use of electrical energy for all purposes do not 
exceed at the most $2 per capita per annum in our largest cities, 
and he insists that such figures can be increased four or five fold. 
We believe with him that they can, but it will not be done without 
methods of publicity far exceeding in boldness and vigor anything 
yet witnessed by ourselves or our readers. 





THE LOADING OF TELEPHONE CIRCUITS. 

We give this week an account of the most recent work accom- 
plished in the direction of improving and extending telephonic com- 
munication by the aid of the Pupin system of inductive loading of 
telephone circuits. The work is evidently in steady progress. It is 
clear, however, that in spite of all benefits thus far derived, or im- 
mediately in sight, we must not expect to talk from New York to 
London, or to Brisbane, Australia, just yet. Every year makes the 
need of loaded conductors more apparent. The cities are building out 
into the country and extending their limits. They insist, and the very 
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necessities of construction likewise insist, that the telephone wires 
shall go underground. As soon as the wires go underground the 
added resistance and capacity of the cables greatly reduce the volume 
and clearness of the telephonically-transmitted speech. A few miles 
of underground cable are harder to talk through than a thousand- 
mile air line from New York to Chicago. The loading of under- 
ground circuits comes to the rescue under these circumstances, and 
mitigates the difficulties with the stretches of cable in the limits of 
terminal cities. No doubt it will some day be necessary to load all 
underground telephone wires, as a matter of standard practice and 
general necessity. 


— oe 


ELECTRIC RAILWAY GROWTH. 


It is an extraordinary fact, for which we have never seen any ade- 
quate or satisfactory explanation, that the electric railway—the latest 
comer amongst the great electrotechnical industries which grew up 
during the past century—has far exceeded in importance and magni- 
tude of investment the others which preceded it. It is also a singular 
fact still remaining to be elucidated that the industries have been suc- 
cessively larger in the order of their creation and progression, tele- 
phony being in excess of telegraphy, electric lighting larger than 
either of them, and the electric railway the biggest of the lot. In fact, 
according to the authentic figures now available, the electric railway 
with a capital investment of $2,500,000,000 is more than equal to all 
its predecessors put together, which at the most could hardly be set 
down for much beyond $1,750,000,000—itself no slight item. 





Our present issue contains amongst its memorial and reminiscent 
articles, several dealing with the crude and humble beginnings of 
the electric railway industry in the United States now represented by 
such an enormous aggregate of capital. We are able to present from 
those who actively participated in the stirring events of the 80’s, 
very interesting stories as to what was done on the early Daft, Van 
Depoele, Sprague, Bentley-Knight and other pioneer roads of the 
period. We are sure that anyone who reads those articles, as all 
doubtless will, would hardly believe it unless they knew it to be so, 
that from such unpromising commencements has been built up the 
art which at this moment has begun to claim also for its own the 
vast domain that has previously acknowledged only the sceptre of 
steam. The figures, for example, which General Griffin, himself one 
of the pioneers, gives in his article, are simply astounding, for the 
same man who made the first governmental report on the subject is 
able also to tell quietly, almost as a matter of course, how from 100 
cars electrically equipped in ’87, a total of 55,000 cars electrically 
equipped has been reached in 1903; while the outfit per car has ad- 
vanced from 10 hp up to 2,250 hp each for the electric locomotives 
on the New York Central system. 





It is interesting also that our present issue should contain two 
such unusual articles as that by Mr. Frank J. Sprague on his own 
work and the outlook for the future, and that on the Ward Leonard 
pioneer work, on single-phase traction, which now beckons so hope- 
fully as one of the means by which the heavier work ahead has to 
be done. The two points of view presented in these two articles 
are most striking and interesting. To us they do not suggest the idea 
of conflict at all, but rather proclaim the flexibility and resourceful- 
ness of electricity with its two forms of current, the direct and the 
alternating; one of which has already done such magnificent work, 
and the other of which justifies such sanguine expectations as to its 
accomplishments in the near future. The discussion by Mr. Sprague 
of the features of advantage and utility in connection with the direct 
current is singularly timely and most felicitously put, and we know 
that it will enjoy the attention it so well deserves. 
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THE NEWER ARTS. 

The contents of the present commemorative issue of this journal 
deal largely with the electrical arts now in prosperous. existence and 
with the stages by which they have successively been brought into 
being. The very number and magnitude of these industries created 
during the past thirty years make us wonder a little as to what may 
be the newer arts and industries which the next thirty years will 
see in the electrical field. Prophecy is rather dangerous and diff- 
cult in regard to electricity where so many things crop up unex- 
pectedly, but there are those who are willing to try their hand, as for 
example, Mr. Tesla, whose article alone would give distinction to 
our current number, by its bold vaticinations. If all he says and 
believes were to come true, there would indeed be a crop of new 


arts to stagger the world with. 





Aside from prophecy, however, and the results that might be rea- 
sonably expected from such progressive work as that with radium, 
it would seem that there is reason for hope attending developments 
within the immediate range of practicality. Wireless telegraphy is 
certainly proving itself capable of becoming a great industry, and 
opposed to that we have the bright promise of long-distance and 
submarine telephony. In the domain of heavy work there is every 
reason to believe that telpherage may build up an industry equalling 
in the actual amount of hard work done whatever is now ac- 
complished in street railways. Electric heating is also showing itself 
capable of indefinite extension, as evidenced by the remarkable 
plant which we described recently in the Government Printing Office 
at Washington. There would also seem to be hope in electric canal 
haulage, and certainly some in the transportation of mail and other 
matter through tubes in city streets and from one part to another 
of our huge modern office buildings and factories. These and other 
fields to occupy, to say nothing of the conversion of the steam rail- 
roads, stretch before the eager electrical engineer. Particularly in 
clectrochemistry and electrometallurgy, as pointed out in the admir- 
able article by Dr. Roeber, may we expect to see new and valuable 
arts arise. But even if no new developments impended, the growth of 
wire telegraphy, of telephony, of electric lighting and power, and of 
street traction, as well as of other well-established arts, would provide 
abundant occupation for every man now enlisted under the elec- 


trical banner. 
—_——— 


THE LIGHTING OF THE FUTURE. 


It is with no prophetic instinct that we would seek to forecast the 
immediate future of the art which has won so great a place in the 
thirty years past, nor do we propose to indulge in iridescent dreams 
of what may come to pass if the hopes of inventors are fully realized. 
We wish merely to point out some of the salient facts that confront us 
as auguries of work for the next generation. To view the situation 
soberly, neither electric lighting nor any other single form of arti- 
ficial illumination touches deeply the roots of human life and in- 
dustry. The world would wag on in about the same old fashion 
if petroleum or coal gas, acetylene or electric light were forgotten. 
The abolition of any one of these would be, save for those imme- 
diately concerned in its production, a transition phase of fashion, and 
bring us back to early dinner hours. Of all known illuminants, 
electric light is easily the first from a hygienic standpoint, since the 
light is produced without sensible combustion. This virtue and its 
excellent color value conspire to give it a very strong hold on public 
favor, but as regards the former characteristic, few people are willing 
to pay, when in good health, any considerable price for hygienic 
conditions, and as regards the latter, it is fully equalled, for instance, 
by acetylene. In the last resort, therefore, the battle of illuminants 


resolves itself into a contest for economy, modified only by the dic- 


At the present time, elec- 


tates of fashion and external appearances. 
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tric lighting has the upper hand of its competitors, but it can retain 
it only by constant fighting. It has, of course, certain strongholds 
from which it cannot easily be driven, although the open field as a 


whole is for anybody’s winning. 





At the present time the electric arc is by a very perceptible amount 
the cheapest all-around illuminant, and this fact is the strongest ally 
of incandescent lighting. For, while cheap gas in mantle burners 
can undoubtedly beat out the incandescent lamp, candle for candle, 
in mere cost, it cannot meet the arc on even terms, and if the con- 
sumer is deaf to all arguments based on hygiene and color blind to 
boot, the central station still holds a trump card in the are. The 
intensing mantle burners in their various forms can beat out the arc 
indoors, so far as price isgconcerned, but are at a disadvantage out- 
of-doors, and require some species of local plant which works to 
their disadvantage in the matter of convenience. It is safe, then, to 
say that the electric arc will keep a strong position among illumi- 
nants for a long time to come, and that it will be steadily improved 
along lines which are already blazed out. It is in the field of incan- 
descent lighting that the fiercest battle will rage. 
experimental work of the past few years, the glow lamp retains its 
supremacy, and its reign is not yet even seriously threatened. Until 
the Nernst lamp runs without attention, and the vapor lamps cease 


In spite of all the 


to be green, these, the most promising recent innovations, will be 
seriously handicapped. Evidence goes to show that no amount of 
talking will persuade the general public that green is a desirable or 
becoming color for lights—or make it so. If argument could blind 
the eye to that uncanny shade, the mantle burner would long since 
have had the glow lamp “in chancery” in spite of every effort at 
defense. Let the vapor lamp once escape from the color difficulty, 
and it will immediately assume a most commanding position in the 
art, even if it should only be available in rather large units of great 


intrinsic brilliancy. 





Two things we need in electric lighting for the immediate future. 
One is a lamp of moderate power, moderate intrinsic brilliancy, good 
color and high economy to replace or supplement the present glow 
lamp. The other is a very efficient lamp of almost any power and 
brilliancy, with plenty of red and yellow in its spectrum, and capable 
of operating when fully enclosed, and practically without attention. 
The 
second would be almost equally valuable to the art, and could be 
utilized for indirect lighting with the greatest advantage. If the 
arcs with composite carbons could only be enclosed and run without 
attention, they would fill the bill exactly. But no form of arc yet 
devised can advantageously be employed as a concealed illuminant, 
and, however efficient, it is easily beaten out by the glow lamp for 
Almost any kind of illuminant will answer 


The first form of lamp has its obvious uses laid out in advance. 


interior illumination. 
out-of-doors provided it does not require too much attention, but for 
the regular work of interior lighting the incandescent lamp fully 
holds its own, inefficient as it relatively is. Which of the suggested 
improved lights is likely to appear first, no one can tell; perhaps 
both may come together. The chances seem a little better for the 
first named than for a light of high power; and the futile efforts 
which have thus far failed to obtain either are evidence enough of 
the difficulty of the problem. Lacking these improvements, the best 
hopes of electric lighting lie in the skilful use of the illuminants that 
are now available, in a careful adaptation of means to ends, and in 
a realization that illumination is not a haphazard business where 
all the light that can be paid for is the proper amount to use. On 


the contrary, light improperly employed is not only useless but 
harmful, and one light well placed is better than two misplaced. If 


one can make ten common glow lamps do the work of fifteen as now 
used, he has scored as great a success as if he had installed a new 


form of two-watt lamp. The final test of lighting is light. 
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Civil Engineers to Stay Out. 





The American Society of Civil Engineers, as the result of its ballot 
vote taken recently and canvassed this week, has decided not to join 
with the other national engineering bodies of the country in accepting 
Mr. Andrew Carnegie’s gift of $1,500,000 to be devoted to creating 
a magnificent engineering home and center in New York City. The 
vote was decided by 1,134 against 662 for acceptance, or a majority of 
472 against the plan. The Society has a membership of about 2,500, 
from which it would appear that no fewer than 700 members ab- 
stained from voting, or were indifferent to the matter. 

It will be remembered by our readers that as an immediate result 
of the library dinner of the American Institute of Electrical Engi- 
neers held in February last year, Mr. Carnegie gave $1,000,000 to the 
four principal national engineering societies, namely, the American 
Society of Civil Engineers, the American Society of Mechanical 
Engineers, the American Institute of Mining Engineers and the 
American Institute of Electrical Engineers, as well as to the Engi- 
neers’ Club, a social organization including members from all bodies ; 
this money to be devoted to the erection of a building or buildings 
where all these bodies could be adequately housed. The Engineers’ 
Club already had land on West Fortieth Street facing the new Lenox 
Library, and Mr. Carnegie immediately proceeded, therefore, to 
acquire land on Thirty-ninth Street so as to enable the proposed 
building for the engineering societies and the new building of the club 
to be placed in convenient juxtaposition. Up to the present time he 
has spent in the vicinity of $600,000 in thus acquiring land for the 
benefit of the four engineering bodies named, three of which as well 
as the Engineers’ Club, have already accepted Mr. Carnegie’s gift. 

A reconsideration of the plans and the fact that if the Civil Engi- 
neers came in quarters would be needed for not less than 12,000 pro- 
fessional men and for societies all of which are growing rapidly, 
determined Mr. Carnegie to increase his generous offer; and with 
characteristic promptness and liberality he added _half-a-million 
dollars to the sum which he had originally designated, intimating as 
he did so that his great aim and ideal in doing this was to foster 
fellowship and promote union and harmony amongst the engineering 
professions; so that all while maintaining their individuality could 
work together for the common good. As will be seen, however, the 
Civil Engineers, who already have a house of their own qn West 
Fifty-seventh Street, have now decided to stay there alone and iso- 
lated, although as their recent annual meeting proved, it is much 
too small for their purposes, so that the very meeting at which the 
ballot vote was decided upon had to be held in the Carnegie Lyceum 
adjoining. 

Our readers are well aware of the fact that immediately following 
the announcement of Mr. Carnegie’s gift a conference committee 
of fifteen was formed with three members from each of the five bodies 
interested. It would appear from this vote that the delegates of 
the Civil Engineers are no longer authorized to participate in the 
proceedings of the conference committee. Mr. Carnegie and the 
three societies, which have already voted to accept his gift, and 
which, with the Engineers’ Club, number some 8,000 or 9,000 members, 
will possibly have to change their plans and adjust them to the con- 
ditions which have arisen from this action of the Civil Engineers. 
It is needless to say that the attitude of the members of the Civil En- 
gineers who voted against what are regarded as broad, common in- 
terests is viewed with deep regret by electrical engineers, who looked 
forward eagerly to closer co-operation with the Civils, but who find 
some consolation, however, in the fact that after all less than half 
the members of the society recorded an unfavorable vote. The results 
of this action will be followed with the greatest interest by engineers 
all over the world. 

In the meantime, the American Institute of Electrical Engineers, 
realizing that whatever might be the course of events, it would have 
to call upon the generosity of its members in order to be able to as- 
sume new liabilities and larger responsibilities in safety, has, with 
its wonted vigor, lost no time in getting itself into a position where 
it could command resources of its own at least equal to those of any 
other society. During the past few weeks, therefore, its Land, Build- 
ing Fund and Endowment Committee has gone to work, and from 
perhaps not more than a hundred of its members it has already 
secured donations and pledges of $40,000. When it is considered 
that the membership is 3,000, it will be seen that the committee is 
warranted in its hope of raising at least $150,000 from the members: 
and not less than $50,000 to $100,000 is expected from the corpora- 
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tions and manufacturers in the industry benefitted by the Institute 
work. The Institute thus fairly expects to be in a financial position 
equal to that of any other kindred society, and adequate to the pur- 
chase of land for any kind of a building Mr. Carnegie may put on it. 


The Chicago ‘‘ Tech.’’ Dinner. 








The Northwestern Alumni of the Massachusetts Institute of 
lechnology held a dinner February 27 at Chicago, which proved 
to be an affair of considerable electrical interest. Mr. V. R. Lan- 
singh, the well-known illuminating engineer of Chicago, who is sec- 
retary of the alumni association and made the preparations, had a 
surprise in store. When the guests entered the banquet room at the 
University Club they found it illuminated with six 750-cp Cooper 
Hewitt mercury vapor lamps. This was the first opportunity the 
majority of those present had had of testing the qualities of the 
mercury vapor lamp for general interior illumination. The lamps 
were turned off during dinner, but were turned on again by way of 
introduction to the after dinner remarks of Professor W. E. Golds- 
borough, who told of some of the new things in the electrical line 
to be at the coming St. Louis World’s Fair. The mercury vapor 
lamp in several forms, he said, was to be one of the new features. 
He spoke of some decorative lighting in colored lights which would 
be different from the decorative lighting of previous expositions. 
Wireless telephony, he said, was another new feature that would 
probably be shown, and several of the new single-phase alternating- 
current railway motors would be on hand. 


- ————— 


Reception Committee for the Congress. 





President Bion J. Arnold, of the American Institute of Electrical 
Engineers, has appointed the following general reception committee 
for the International Electrical Congress this year: John W. Lieb, 
Jr., chairman, 55 Duane street, N. Y.; Calvin W. Rice, vice-chairman, 
348 Central Park West, N. Y.; E. G. Acheson, E. K. Adams, William 
A. Anthony, A. H. Armstrong, J. C. Barclay, A’ex. Graham Bell, 
Louis Bell, Charles S. Bradley, N. F. Brady, C. F. Brush, H. W. 
Buck, George Bullock, H. S. Carhart, J. J. Carty, C. A. Coffin, C. D. 
Crandall, F. B. Crocker, H. L. Doherty, Alex. Dow, Louis Duncan, 
Gano S. Dunn, Thomas A. Edison, Charles L. Edgar, W. C. L. Eglin, 
R. A. Fessenden, S. D. Field, Frederick P. Fish, B. Gherardi, W. E. 
Goldsborough, Hammond V. Hayes, Carl Hering, Peter Cooper 
Hewitt, J. W. Howell, C. R. Huntley, Samuel Insull, D. C. Jackson, 
William J. Jenks, Francis W. Jones, John F. Kelly, A. E. Kennelly, 
W. A. Kreidler, H. Ward Leonard, Herbert Lloyd, T. D. Lockwood, 
John Martin, T. C. Martin, J. H. McGraw, E. L. Nichols, R. B. 
Owens, F. S. Pearson, W. A. Pearson, F. A. C. Perrine, Ralph W. 
Pope, W. V. N. Powelson, Charles W. Price, M. I. Pupin, Samuel 
Reber, E. W. Rice, Jr., A. L. Riker, E. B. Rosa, Charles F. Scott, 
Samuel Sheldon, Frank J. Sprague, William Stanley, C. P. Steinmetz, 
L. B. Stillwell, H. G. Stott, F. H. Taylor, Charles A. Terry, Nikola 
Tesla, Elihu Thomson, Calvert Townley, W. D. Weaver, George 
Westinghouse, Edward Weston, Schuyler S. Wheeler, J. G. White, 
W. F. White. 





Coming Electrical Meetings in Chicago. 





The electrical section of the Western Society of Engineers (for- 
merly the Chicago Electrical Association) will hold a meeting March 
18 at its rooms in the Monadnock Building, for the discussion 
of the “Electrical Opportunities in Chicago.” George A. Damon, 
who will be the leader of this discussion, has sent out inquiries for 
reports from 100 of the best-known young electrical men of the 
city, inquiring as to education, training, opinions as to what con- 
stitutes the best preparation for an electrical career, and other mat- 
ters throwing light on the subject. Mr. Damon has received replies 
from a large per cent. of those from whom this information was 
asked, which would indicate that the subject is one of general in- 
terest and one which will be productive of an interesting meeting. 
The Chicago branch of the American Institute of Electrical Engi- 
neers will have a meeting for the discussion of the single-phase al- 
ternating-current railway motor on March 8, at the rooms of the 
Western Society of Engineers. 
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Electric Lighting in the City of Benjamin Franklin. 


By W. C. L. EGLIN. 


HE city of Philadelphia com- 
* prises an area of over 129 
square miles, and the demand 

for current comes from all quarters 
of the city. Formerly, there were 27 
companies with 18 different operating 
companies distributed throughout the 
city and suburbs, each of the com- 
panies operating on an entirely sepa- 
rate and independent basis by reason 
of its franchise, and thus preventing 
a consolidation of organization and 
operation similar to other large cities. 
The distribution of current by these 
various companies included practically 
all of the methods used commercially, 
viz.: direct current of 500-volt two- 
wire, 110-volt two-wire, and 220-volt 
three-wire systems; also single-phase 
alternating current, two-phase alter- 
nating current, and three-phase alter- 
nating current, with frequencies of 
60, 66, 125 and 133 cycles. The volt- 
ages of the alternating-current feeders 
were I,000 to 1,200 and 2,000 to 2,400 
volts. The total number of consumers 
of these various companies was over 
13,700, using 13,973 series arc lamps, 
3,758 incandescent lamps, both direct 
current and alternating current, 16,- 
ooo hp in motors, and 494,000 incan- 
descent lamps. The total equivalent 
connected load in 16-cp lamps was 
878,000. The yearly kw-hours man 
ufactured at these various stations 
FIG. I.—STACK 275 FT. HIGH. were 59,405,970, divided as follows: 
Incandescent and power, 35,081,545; arc, 24,324,425. It was such a 





' system that had to be unified and harmonized. 


In the consolidation of a number of electric lighting and power 
properties, the first essential is a uniformity in the supply of 
current to the various consumers. Conditions existing in Phila- 
delphia were similar to those in other large cities in which are 
located a number of small plants, some supplying alternating current 
and some direct current—those supplying alternating current having 
a voltage differing somewhat from the latter. Before, therefore, 
effectual consolidation could be made of the operation of these 
plants, attention was given to the distributing system; and after a 
careful study of the situation it was decided to adopt the two-phase 
60-cycle alternating-current distributing system for most of the 
territory, and the direct-current, 220-volt, three-wire system for the 
principal business section of the city. This simplified the generating 
station as it required only one type of generator to supply directly 
all of the alternating current, and indirectly the direct current by 
means of high voltage alternating-current motors and 300-volt direct- 
current generators. 

The entire distributing system was reconstructed so as to obtain 
a uniform primary and secondary distribution, and change the 
single-phase to two-phase circuits. All primary circuits were ar- 
ranged for voltages ranging from 2,200 to 2,400 volts, and secondary, 
from 110 to 120 volts. Tie lines were installed between the various 
distributing .centers, these tie lines being operated at 5,500 volts, 
which is the voltage of the generating station. 

After the: completion of the plans for the distributing system, a 
careful survey was made of the property on both the Delaware 
and Schuylkill Rivers to obtain a site for the main generating sta- 
tion. After examination of the properties obtainable, preliminary 
plans were made showing the ultimate capacity to be obtained on 
the properties. These plans were submitted to Mr. John T. Windrim 
of the firm of James H. Windrim, Architect, Philadelphia, Pa., who 
prepared the plans of the first section of the building. In selecting 
the site for the main generating station it was essential that enough 
ground be obtained to admit of an increase of at least ten times the 
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first necessary equipment, so as to take care of any increase in 


capacity required for the large growth of the business during a 


period of years. 

The site finally selected is, for many reasons, probably ideal. The 
total area is about nine acres, extending from the Schuylkill 
River front a distance of 1,304 ft. without being divided by streets. 
The actual distance from the central station to the center of the 
load district is about three miles. This property is bounded on the 
one side by the Pennsylvania Railroad and on another by the Balti- 
more & Ohio Railroad, and on the other side by Christian Street, a 
broad and well-paved street. 

For the reasons above mentioned, it was decided to design the 
station on a sectional plan in order that it could be extended in one 
direction to the end of the building lot, each lineal foot of station 
giving a proportionate increase of switchboard, engine room, boiler 
room and auxiliary capacity. This necessitated that all of the 
apparatus be laid out in parallel lines, and the crossing or mixing 
of various classes of apparatus prevented by careful attention to 
details. 

The first section of the building was located 360 ft. from the 
river in order to admit of an arrangement of coal storage at both 
ends of the complete plant. Fig 8 shows the survey plan of the 
property. It will be seen that this property is somewhat triangular, 
and that the width of the property increases eastward. The first 
section of the building was naturally located nearest the river. 

The generating station consists of two buildings, one a boiler room 
and the other an engine room arranged with a number of mezzanine 
iloors for switchboard galleries. The smoke-stack was placed out- 
side of the building, first, to avoid taking up space in the building 
required for boiler purposes, and, second, the space was available 
outside and could be utilized to no better advantage. 

The first work was arranging the foundations of the building, and 
the intake and discharge water conduits for condensing purposes. 
It was decided to arrange the intake and discharge conduits tri- 
angularly and construct them of concrete which would fulfill the 
function of foundations for the division wall between the engine 
room and the boiler room. The reasons for establishing this loca- 
tion was that water is required in both the engine and boiler-room 





FIG. 2.—GENERAL VIEW OF CHRISTIAN STREET STATION, PHILADELPHIA. 


buildings, and connections could readily be made to both sides of this 
conduit. The placing of the conduit in any other location would 
necessitate carrying the foundation for the columns of the building 
on either side down to a lower depth, thus increasing the cost 
The arrangement of the conduits permitted of the desired capacity 
with minimum depth of excavation. The two lower intake con 
duits are each 7 ft. in diameter and joined with cross-connections 
of 4 ft. at frequent intervals. The discharge conduit is elliptically 
shaped, being 12 ft. in height by 8 ft. wide. Connections to the intak« 
conduit are made by walls so that the intake pipes can be dropped 
down and be continuously submerged. The top of this conduit was 
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entirely covered with 20-in. I-beams; and at the points where the 
columns rest, additional I-beams were placed across those upon 
which the bolsters rest, so that the load was distributed uniformly 
over the entire length of the conduit. 

On account of the elevation of the ground towards the east, it 
was decided to make the engine room floor at the street level to- 
wards the middle section of the building, so that in the first section 
of the building there would be no basement, the basement being 
on the ground level about 6 ft. above high water. 

It was decided to install as a unit generator the largest size to be 
obtained commercially, although at first a unit of one-half size was 
installed so as to operate economically at the light loads during the 
period of the growth of the load on this section. For these reasons 
5,000-kw units were decided upon as the standard, and 2,000-kw 
units were installed as the half unit. Both of these units have an 
overload capacity of 50 per cent. for two hours. 

The General Electric generators are revolving field, two-phase, 
6,000 volts, excitation being provided by motor-generator sets. The 
motors, which are of the induction type, are wound for 6,000 volts, 
two-phase, the direct-current generator being wound for 300 volts. 

A small steam exciter set is used in the event of the station being 
unable to obtain current from tie lines when starting up. These 
exciters are placed on the engine-room floor. On the first mezzanine 
floor.are placed the direct-current switchboards for exciters, the oil 
switches, and the series and potential transformers. On the second 
mezzanine floor are the reserve oil switches, one of which is always 
in series with the switch on the floor below, and is also used as a 
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The boiler-house building consists of an arrangement for double- 
decked boilers with coal storage above the boilers and a common ash 
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FIG. 3. BASEMENT PLAN OF POWER HOUSE. 


selector switch for each of the bus-bars, the bus-bars being arranged 
in separate concrete compartments on the upper mezzanine floors, 
and the controlling board being located on the second mezzanine floor. 
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ment or ground floor is arranged to receive 
all of the ashes, each boiler being provided 
with a cast-iron sectional ash pit, and con- 
nections can be made between the combus- 
tion chamber and the ash pit for the ready 
removal of refuse material. On the side ad- 
joining the engine room is situated a pump 
room in which are located the tank, pumps, 
boiler feed pumps and feed water heaters. 
The basement has a height:of 18 ft., which 
admits of the use of almost any type of aux- 
iliary apparatus without crowding. The 
flues of the first boiler room floor also pass 
through the basement to connect with the 
chimney, thus leaving the boiler room clear 
of any obstructions. 

In the first section of the building will be 
installed 32 boilers approximately 630 hp 
each. These are arranged in batteries of 
two, and are so set that all walls may be 
easily examined. The boilers are equipped 
with a complete double system of feed 
water supply, the first from the _ hot 
water feed water system, and the sec- 
ond by individual injectors for each boiler 
connected with tanks, placed above the boil- 
ers—the injectors being intended for emer- 
gency use only. Special care has been given 
to the installation of the feed water piping, 
fittings being avoided whenever possible, and 
bent brass pipe used. 

Coal is supplied by means of chutes ar- 
ranged close to the columns, the spout being 
bent in order that the coal can be dumped on 
the center of the floor should it be required. 

The second boiler room is a duplicate of 
the first boiler room with the exception that 
the flues pass up and through the coal- 
bunker floor to reach openings in the stack, 
provided at this point. 


The coal-bunker is divided into pockets, first to admit of the 
flues passing across the building; and second, to prevent fire from 
being communicated from one portion of the coal-bunker to an- 
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tween the coal-bunkers and the roof is provided with a liberal 
number of copper louvres so as to admit of ventilation. Each space 
above the flue-crossing is provided with a “Star” ventilator. All 


other, thus entirely obviating the danger from this cause. Should 
the coal ignite from ary cause, the pgcket could immediately be 
drained on either of the boiler-room floors. 


ee eae 








Come Cnure 
9 * . 
—____— 
| | a! 


BATTERY o* Two B&W. | 
Boicens 
12n7O HP 








ENGINE ROOM 





+ 


acc nancpneed dete acsR nach 
FIRST MEZZANINE GALLE RY 


ENGINE ROOM %, SwITeH Bono GALLERIES 


com. sroanace 





2™ Bowen Room Floon 


L™ Boum Room Floor 








GOAL STORAGE TRESTIES/ H 


Vot. XLIII, No. to. 


stairways are metal, and strict attention 
has been given to making the building as 
nearly fire-proof as practicable. All the 
doors between the engine room building and 
the boiler room building are standard Un- 
derwriter fire-proof doors. 

The engine room building, which fronts 
on Christian Street, is similar in external 
appearance to the boiler room building, both 
being built of red stretcher brick and the 
general design consisting of large panels 
arranged between the structural steel col- 
umns, this being an inexpensive but orna- 
mental design. The panels in the boiler 
room building are partially bricked up and 
the engine room walls are almost entirely 
utilized for windows, making a very light 
engine room. The engine room is further 
provided with a lantern extending along 
the engine room proper. The lantern is laid 
with wired glass, the glass overhanging the 
removable ventilating sash, so that in the 
event of a heavy wind or rain storm it is not 
necessary to close the ventilating sash. 

All of the metal work exposed to the 
weather is covered with sheet copper, includ- 
ing the cornices and rain spouts, it being 
the intention that the building is to be as 
permanent and lasting as possible. The en- 
gine building is lined with light-colored 
enameled brick to six feet above the engine 
floor, the other part being buff color. 

The mezzanine floors are provided with 
heavy solid balustrades, which prevent ma- 
terial from dropping through, and would 
admit of these floors being enclosed should 
it be found desirable. The switchboard and 
all its appliances are arranged in the vari- 
ous mezzanine floors on the Christian Street 
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Coal is delivered to the coal-bunker by means of two bucket side. The floors on the end facing the river are used for offices, store- 
elevators at the end of the building and distributed by two hori- rooms and executive purposes. 
zontal conveyors running above the coal-bunkers. The space be- Referring to the floor plan, it will be noted that in the boiler-room 
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the boilers are first arranged in batteries of two, and the batteries 
facing each other are connected to steam pipes which in turn feed 
the main header which is located on a division wall on the engine 
room side. This main header is arranged zigzag fashion; one sec- 





FIG. 9.—DIRECT-CURRENT AND EXCITER SWITCHBOARD. 


tion joins two batteries on one floor, rises and joins two batteries 
on the floor above. In this way the expansion and contraction of 
the main header is taken care of, and the line is always exposed to 
view. All joints are readily accessible, as permanent iron galleries 
are arranged parallel with the steam pipe. 

The condensing apparatus is arranged on the boiler room side of 
the engine room and the auxiliaries are placed in the basement, 
this position making them adjacent to the auxiliaries for the boiler 
room, but separated from them by the division wall. They are, 
however, readily accessible on account of the doors placed for this 
purpose. 

The 2,000-kw unit is driven by a cross double-tandem compound 
Wetherill Corliss Engine. The 5,000-kw unit is driven by a com- 
bined vertical and horizontal double-compound Reynolds-Corliss en- 
gine built by the Allis-Chalmers Company. The condenser for the 
2,000-hp unit is of the jet type, and for the 5,000-kw unit is a Weiss 
injector condenser. 

Special effort has been made to simplify the installation of the 
cables and electrical equipment and to keep the steam and electrical 
equipment entirely separate from each other, so that the steam 
pipes shall not cross the electrical conductors or vice versa. Cables 
immediately upon leaving the generators enter a terra cotta conduit 
and are conducted through continuous terra cotta conduits to the 
terminus. ‘There are two sets of cables which. should receive con- 
sideration, first the cables running from and to the generators, and 
second, the feeder cables leaving the station. 

The feeders are distributed along the entire length of the Christain 
Street side. These cables are arranged in groups of six, and enter 
separate manholes distributed along the street front of the building, 
so that there is no bunching of cables in any manhole. The first 
conduit laid consisted of twenty-four 3'4-in. terra cotta conduits. 
Drawings were prepared showing the layout of each cable from the 
station to the sub-station. The manholes were designed specially 
so as to admit of easy access to the cables, and at the same time 
protect the cables in the event of either gas explosions in man- 
holes or short-circuits of adjacent cables. The manholes are of 
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octagonal shape, and are provided with soapstone shelves which 
fulfill the function of supporting the cable and acting as a barrier, 
so that a short-circuit in one cable cannot be communicated to its 
neighbor. The conduit is spread at the point of entering the man- 
hole so as to bring the end of the duct in line with the shelf upon 
which the cable will rest. This prevents any sharp bends and 
admits of cables being installed in a safe and convenient manner. 

The station terminal of the cable is on the ground floor and con- 
sists of a series of concrete cells, the cable being provided with a 
pot-head at this point and spreading from a three-conductor cable 
to single-conductor cable. In these compartments are placed single- 
pole disconnectors. These disconnectors are similar to knife- 
switches without handles, and arranged to be opened with a detach 
able rod. The object of these disconnectors is to enable the cable 
department to know that current is not thrown on the cable when 
out of service and under repairs. Immediately above these compart 
ments are placed static discharge devices which consist of an ar 
rangement of spark gaps and graphite resistances similar to lightning 
arresters. They are protected by means of a small enclosed fuse 
and are enclosed in cases to keep out the dust. From these com- 
partments the cable enters a terra cotta conduit which passes 
through the engine-room wall, is then exposed to the first mezza- 
nine floor, and enters the concrete compartments leading to the oil 
switches and to the transformers, both series and potential. 

The arrangement of the switchboard is in three tiers. First, 
automatic switches, or what might be called the operating switches ; 
second, the reserve switches, which are placed above on the bus- 
bars, which occupy the highest tier. The intermediate tier consists 
of two oil switches, one of which is connected to either bus-bar, so 
that at all times two oil switches are in series. 

Connections to the bus-bars are made with disconnectors similar 
to those used in cable compartments on the ground floor, so that 
it is unnecessary to remove any bolts or fastenings to disconnect 
any line from the bus-bars or from the outging feeders. This ar- 
rangement also enables the generators to be connected to any point 
of the, bus-bars, minimizing the amount of copper used for that 





FIG. I0.—ARMATURE FRAME OF 6,000-VOLT GENERATOR. 


purpose. All of the switches are of the remote control type, an 
operating table being placed on the intermediate gallery. 

The oil switéhes and high-tension bus bars are all arranged in 
concrete and soapstone compartments. As each switch section is a 
unit, and practically all of the units are similar, the concrete type 
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of construction permitted the same moulds being used for building 
up all of the compartments. The switches were set sufficiently high 
from the floor to enable easy access to the base of the switch and 
prevent sharp bends of the cable. On the back of the switch com- 
partments on the first gallery are arranged the transformer com- 
partments, which are of similar concrete construction and separated 
by means of a concrete wall. Provision has been made to ventilate 
all of these compartments so that in the event of an arc being formed, 
the flame will pass out through the vents, striking the division wall, 
and cannot be communicated to any of the other compartments. 

The transformer compartment contains two series transformers 
and one potential transformer. The cases and frames of all of the 
transformers are grounded with heavy copper strips laid in the con- 
crete. This copper strip is also connected to angle irons set in the 
concrete to which the various transformers are attached. One of 
the series transformers is used to operate the automatic switches 
by means of time, limit relays, and the other furnishes current for 
various indicating and recording instruments. 

The potential transformer is of 600 watts capacity and is large 
enough to supply all pilot lamps and all indicating and recording 
instruments required. 

All of the secondary wires from these transformers and the low- 
tension direct circuit supplying the motors operating the oil switches 
are installed in iron armored conduit, so that there are no exposed 
wires either high-tension or low-tension in the switchboard con- 
struction. All of the concrete compartments are provided with fire- 
proof doors; and as the operating switchboard is entirely low-tension, 
being either the secondaries from the transformers or direct current 
supplying the operating motors, there is no danger from any cause 
to attendants, as in the event of failure and breaking down of the 
transformer the high-tension current is grounded through the strips 
provided for that purpose. 

This table is arranged in steps similar to the keyboard of an 
organ so as more clearly to define the various groups of switches. 
Each feeder is controlled at this point by means of three switches, 
one automatic switch and two selector switclies. These switclies 
are provided with pilot lamps which indicate the position of the 
switch. The instruments are located on an instrument board imme- 
diately in front of the controlling table and upon this are mounted 
for each feeder a pilot lamp which indicates the number of the 
feeder, an ammeter and a recording wattmeter on each phase of the 
feeder. The generator control consists of the three switches. In 
this case all of the switches are hand-operated, no automatic switches 
being used on the generators. The main switch is controlled by a 
different type of handle to distinguish it from the selector switches. 
These are placed at the top of the table so as to be out of the way. 
On the next step is a switch to open the field circuit of the gen- 
erator, and the switch for varying the speed of the engine for syn- 
chronizing. The lower step contains the field rheostat and syn- 
chronizing plugs. On the front of the table are the switches con- 
trolling the exciter sets. The indicating instruments on each gen- 
erator are pilot lamps, voltmeters, ammeters and indicating watt- 
meters. 

The instrument board is arranged with generator instruments and 
exciter instruments parallel to the control table, and the feeders are 
arranged on an offset at an angle of 45°, which concentrates the 
instruments and assists the vision of the operator as well as 
enabling him to differentiate between the different classes of instru- 
ments. 
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; Cincinnati A. I, E. E. Local Meeting. 





The February local meeting of the Cincinnati branch of the Ameri- 
can Institute of Electrical Engineers was prefaced by a dinner at the 
Grand Hotel, at which 53 persons were seated. The meeting was 
held in the hotel auditorium, at which Mr. W. A. Blanck, of the 
Arnold Electric Power Station Company, read a paper on “Single- 
Phase Railroads.” After outlining the various systems which have 
been tried—the synchronous motor driving a generator mounted 
on the train, the induction motor as a subdivision of this, the Arnold 
system of induction motor and air compressor combined, the alter 
nating-current series motor, the repulsion induction motor as devel- 
oped by Steinmetz and Schuler, and lastly the repulsio nseries motor 
of the Union Electric Company, of Berlin—Mr. Blanck took up the 
subject of controllers, car wiring, trolley bow and line construction. 
He then took a typical sixty-mile road equipped both by the present 
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system of alternating-current generator with rotary converter, sub- 
stations and the system using transformer sub-stations and 3,000 
volts on the trolley line. Comparing item for item he showed that 
the direct-current system giving the same service as a single-phase 
system costs 32 per cent. more than the alternating system. The 
paper was thoroughly discussed. At the next meeting it is hoped to 
have a paper on steam turbines. 
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The Development of Alternating-Current Work 
in America. 


By CHARLES APPLETON TERRY. 

Your request for reminiscences ‘concerning the development of the 
commercial alternating-current system carries one’s thoughts back 
to the early eighties when, though the direct-current system was in 
fairly extensive use, the alternating current had yet to receive the 
serious consideration of our engineers. Looking back over this 
period, the names of a few individuals stand out with peculiar 
prominence. 

It is needless to say that the personality of Mr. Westinghouse is 
most conspicuously interwoven with the entire development of this 
system. When the work of Gaulard & Gibbs was first brought to 
his attention, he engaged the services of one of the most prominent 
of the electrical engineers of that time, Franklin L. Pope, a man 
whose quiet, forceful work aided greatly in the successful introduc- 
tion of the alternating system to a skeptical public. Mr. Pope 
possessed an extraordinarily resourceful mind and a retentive mem- 
ory stored with useful facts and apt information. His rare sense 
of humor and genial kindness of manner were combined with a 
persistence of will and untiring studiousness which had rendered 
him a recognized authority upon all electrical subjects; and to-day 
his publications upon telegraphy and kindred subjects are valuable 
works of reference. His railway signalling inventions had brought 
him into close association with Mr. Westinghouse, and it thus came 
about that in February, 1886, as a direct result of experiments made 
with the Gaulard & Gibbs system at Pittsburg in 1885, Mr. Pope 
went to England commissioned by Mr. Westinghouse to secure the 
American rights to the Gaulard & Gibbs system. Throughout the 
formative period of the system, Mr. Pope was closely identified with 
the patent and scientific matters involved. 

The rapid march from the experimental plant of 1885, to the 
commercial plant installed at Buffalo in November, 1886, was largely 
to the credit of the engineering ability of Shallenberger, Stanley and 
Belfield. Within a year thereafter sixty-five plants were sold, repre- 
senting a total generating capacity of 125,000 incandescent lamps. 
Almost immediately a strong opposition to the alternating system 
was developed by the partisans of the direct-current system, an 
opposition which though gradually lessened did not cease until the 
commercial advent of the rotary transformer or converter which 
wedded the two systems. 

In the earlier days the alternating system was at first seriously 
handicapped by the lack of a meter and a power motor. In April, 
1888, Shallenberger, while experimenting with an arc lamp, noted 
a peculiar action of a small coiled spring which accidentally lodged 
on the brass flange of the magnet spool; the spring slowly turned 
about its longitudinal axis. From this accidental circumstance 
Shallenberger within a month developed his alternating-current 
meter, which for nearly ten years was the principal recording meter 
for this system, the only other commercial one being that devised 
by Prof. Elihu Thomson, who also made important inventions in the 
alternating-current field. 

The requirement of a motor was met by Tesla’s discoveries, the 
public announcement of which was nearly coincident with the inde- 
dependent discovery of Shallenberger and the publication of Fer- 
raris work along similar lines. Tesla’s discoveries, however, in- 
cluded the polyphase systenr, which lent itself more perfectly to the 
distribution of large power units. 

There still remained the requirement of a power motor adapted 
to railway service, and this is now being met by the assured single- 
phase motors of Lamme and Steinmetz. 

It would seem that as a result of this perseverance of those inter- 
ested in the alternating-current system, the perfection of the detail 
apparatus and the growing appreciation of its possibilities, the han- 
dicap now rests upon the shoulders of the direct-current system 
rather than upon that using the current which Shallenberger once 
described as “the electric current as God gave it to us.” 
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The Transmission of Electric Energy Without Wires. 


By NriKkoia TESLA. 

T is impossible to resist your courteous request extended on an 

I occasion of such moment in the life of your journal. Your 

letter has vivified the memory of our beginning friendship, 
of the first imperfect attempts and undeserved successes, of kind- 
nesses and misunderstandings. It has brought painfully to my mind 
the greatness of early expectations, the quick flight of time, and, 
alas! the smallness of realizations. The following lines which, but 
for your initiative, might not have been given to the world for a 
long time yet, are an offering in the friendly spirit of old, and my 
best wishes for your future success accompany them. 

Towards the close of 1898 a systematic research, carried on for a 
number of years with the object of perfecting a method of trans- 
mission of electrical energy through the natural medium, led me to 
recognize three important necessities: First, to develop a transmitter 
of great power; second, to perfect means for individualizing and 
isolating the energy transmitted; and, third, to ascertain the laws 
of propagation of currents through the earth and the atmosphere. 
Various reasons, not the least of which was the help proferred by 
my friend Leonard E. Curtis and the Colorado Springs Electric 
Company, determined me to select for my experimental investigations 
the large plateau, two thousand meters above sea level, in the vicinity 
of that delightful resort, which I reached late in May, 1899. I had 
not been there but a few days when I congratulated myself on the 
happy choice and I began the task, for which I had long trained 
myself, with a grateful sense and fuil of inspiring hope. The perfect 
purity of the air, the unequaled beauty of the sky, the imposing sight 
of a high mountain range, the quiet and restfulness of the place— 
all around contributed to make the conditions for scientific observa- 
To this was added the exhilarating influence of a glori- 
In those re- 
The eyes 


tion ideal. 
ous climate and a singular sharpening of the senses. 
gions the organs undergo perceptible physical changes. 
assume an extraordinary limpidity, improving vision; the ears dry 
out and become more susceptible to sound. Objects can be clearly 
distinguished there at distances such that I prefer to have them told 
by someone else, and I have heard—this I can venture to vouch for— 
the claps of thunder seven and eight hundred kilometers away. I 
might have done better still, had it not been tedious to wait for 
the sounds to arrive, in definite intervals, as heralded precisely by 
an electrical indicating apparatus—nearly an hour before. 

In the middle of June, while preparations for other work were 
going on, I arranged one of my receiving transformers with the 
view of determining in a novel manner, experimentally, the electric 
potential of the globe and studying its periodic and casual fluctua- 
tions. This formed part of a plan carefully mapped out in advance. 
A highly sensitive, self-restorative device, controlling a recording 
instrument, was included in the secondary circuit, while the primary 
was connected to the ground and an elevated terminal of adjustable 
capacity. The variations of potential gave rise to electric surgings in 
the primary; these generated secondary currents, which in turn 
affected the sensitive device and recorder in proportion to their 
intensity. The earth was found to be, literally, alive with electrical 
vibrations, and soon I was deeply absorbed in this interesting in- 
No better opportunities for such observations as I 
intended to make could be found anywhere. Colorado is a country 
famous for the natural displays of electric force. In that dry and 
rarefied atmosphere the sun’s rays beat the objects with fierce in- 
tensity. I raised steam, to a dangerous pressure, in barrels filled with 
concentrated salt solution, and the tinfoil coatings of some of my ele- 
vated terminals shriveled up in the fiery blaze. An experimental high- 


vestigation. 


tension transformer, carelessly exposed to the rays of the setting sun, 
had most of its insulating compound melted out and was rendered 
useless. Aided by the dryness and rarefaction of the air, the water 
evaporates as in a boiler, and static electricity is developed in abund- 
ance. Lightning discharges are, accordingly, very frequent and 
sometimes of inconceivable violence. On one occasion approximately 
twelve thousand discharges occurred in two hours, and all in a 
radius of certainly less than fifty kilometers from the laboratory. 
Many of them resembled gigantic trees of fire with the trunks up 
or down. I never saw fire balls, but as a compensation for my dis 
appointment I succeeded later in determining the mode of their 
formation and producing them artificially. 

In the latter part of the same month I noticed several times that 
my instruments were affected stronger by discharges taking place at 
great distances than by those near by. This puzzled me very much. 
What was the cause? A number of observations proved that it 
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could not be due to the differences in the intensity of the individual 
discharges, and I readily ascertained that the phenomenon was not 
the result of a varying relation between the periods of my receiving 
circuits and those of the terrestrial disturbances. One night, as I 
was walking home with an assistant, meditating over these experi- 
ences, I was suddenly staggered by a thought. Years ago, when I 
wrote a chapter of my lecture before the Franklin Institute and the 
National Electric Light Association, it had presented itself to me, 
but I had dismissed it as absurd and impossible. I banished it 
again. Nevertheless, my instinct was aroused and somehow I felt 
that I was nearing a great revelation. 

It was on the third of July—the date I shall never forget—when I 
obtained the first decisive experimental evidence of a truth of over- 
whelming importance for the advancement of humanity. A dense 
mass of strongly charged clouds gathered in the west and towards 
the evening a violent storm broke loose which, after spending much 
of its fury in the mountains, was driven away with great velocity 
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FIG. I.—TESLA EXPERIMENTAL LABORATORY, COLORADO, ERECTED 
SUMMER OF I8g9Q. 
(Discovery by Mr. Tesla of the Stationary Waves in the Earth 
was Here Made.) 


over the plains. Heavy and long persisting arcs formed almost 
in regular time intervals. My observations were now greatly facili- 
tated and rendered more accurate by the experiences already gained. 
I was able to handle my instruments quickly and I was prepared. 
The recording apparatus being properly adjusted, its indications 
became fainter and fainter with the increasing distance of the storm, 
until they ceased altogether. I was watching in eager expectation. 
Surely enough, in a little while the indications again began, grew 
stronger and stronger and, after passing through a maximum, grad- 
ually decreased and ceased once more. Many times, in regularly re- 
curring intervals, the same actions were repeated until the storm 
which, as evident from simple computations, was moving with nearly 
constant speed, had retreated to a distance of about three hundred 
kilometers. Nor did these strange actions stop then, but continued to 
manifest themselves with undiminished force. Subsequently, similar 
observations were also made by my assistant, Mr. Fritz Lowenstein, 
and shortly afterward several admirable opportunities presented 
themselves which brought out, still more forcibly, and unmistakably, 
the true nature of the wonderful phenomenon. No doubt whatever 
remained: I was observing stationary waves. 

As the source of disturbances moved away the receiving circuit 
came successively upon their nodes and loops. Impossible as it 
seemed, this planet, despite its vast extent, behaved like a conductor 


of limited dimensions. The tremendous significance of this fact in 
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the transmission of energy by my system had already become quite 
clear to me. Not only was it practicable to send telegraphic mes- 
sages to any distance without wires, as I recognized long ago, but 
also to impress upon the entire globe the faint modulations of the 
human voice, far more still, to transmit power, in unlimited amounts, 
to any terrestrial distance and almost without any loss. 

With these stupendous possibilities in sight, with the experi- 
mental evidence before me that their realization was henceforth 
merely a question of expert knowledge, patience and skill, I attacked 
vigorously the development of my magnifying transmitter, now, 
however, not so much with the original intention of producing one 
of great power, as with the object of learning how to construct the 
best one. This is, essentially, a circuit of very high self-induction 
and small resistance which in its arrangement, mode of excitation 
and action, may be said to be the diametrically opposite of a trans- 
mitting circuit typical of telegraphy by Hertzian or electromagnetic 


radiations. It is difficult to form an adequate idea of the marvelous 





FIG. 2.—TESLA CENTRAL POWER PLANT AND TRANSMITTING TOWER 
FOR WORLD TELEGRAPHY, WARDENCLYFFE, LONG ISLAND, N. Y. 


( Tower is a pyramid having eight sides; smallest dimensions across 
base, 29 meters; height, 47 meters; total height from ground to top, 
57 meters; cupola on top, 20 meters diameter.) 


power of this unique appliance, by the aid of which the globe will 
be transformed. The electromagnetic radiations being reduced to 
an insignificant quantity, and proper conditions of resonance main- 
tained, the circuit acts like an immense pendulum, storing indefinitely 
the energy of the primary exciting impulses and impressing upon the 
earth and its conducting atmosphere uniform harmonic oscillations 
of intensities which, as actual tests have shown, may be pushed 
so far as to surpass those attained in the natural displays of static 
electricity. 

Simultaneously with these endeavors, the means of individualiza- 
tion and isolation were gradually improved. Great importance was 
attached to this, for it was found that simple tuning was not suffi- 
cient to meet the vigorous practical requirements. The fundamental 
idea of employing a number of distinctive elements, co-operatively 
associated, for the purpose of isolating energy transmitted, I trace 
directly to my perusal of Spencer’s clear and suggestive exposition 


of the human nerve mechanism, ‘The influence of this principle on 
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the transmission of intelligence, and electrical energy in general, 
cannot as yet be estimated, for the art is still in the embryonic stage; 
but many thousands of simultaneous telegraphic and telephonic mes- 
sages, through one single conducting channel, natural or artificial, 
and without serious mutual interference, are certainly practicable, 
while millions are possible. On the other hand, any desired degree 
of individualization may be secured by the use of a great number 
of co-operative elements and arbitrary variation of their distinctive 
features and order of succession. For obvious reasons, the principle 
will also be valuable in the extension of the distance of transmission. 

Progress though of necessity slow was steady and sure, for the 
objects aimed at were in a direction of my constant study and exer- 
cise. It is, therefore, not astonishing that before the end of 1899 
I completed the task undertaken and reached the results which I have 
announced in my article in the Century Magazine of June, 1900, every 
word of which was carefully weighed. 

Much has already been done towards making my system com- 
mercially available, in the transmission of energy in small amounts 
for specific purposes, as well as on an industrial scale. The re- 
sults attained by me have made my scheme of intelligence transmis- 
sion, for which the name of “World Telegraphy” has been suggested, 
easily realizable. It constitutes, I believe, in its principle of operation, 
means employed and capacities of application, a radical and fruitful 
departure from what has been done heretofore. I have no doubt 
that it will prove very efficient in enlightening the masses, partic- 
ularly in still uncivilized countries and less accessible regions, and 
that it will add materially to general safety, comfort and con- 
venience, and maintenance of peaceful relations. It involves the 
employment of a number of plants, all of which are capable of 
transmitting individualized signals to the uttermost confines of the 
earth. Each of them will be preferably located near some important 
center of civilization and the news it receives through any channel 
will be flashed to all points of the globe. A cheap and simple de- 
vice, which might be carried in one’s pocket may then be set up 
somewhere on sea or land, and it will record the world’s news 
or such special messages as may be intended for it. Thus the entire 
earth will be converted into a huge brain, as it were, capable of 
response in every one of its parts. Since a single plant of but one 
hundred horse-power can operate hundreds of millions of instru- 
ments, the system will have a virtually. infinite working capacity, 
and it must needs immensely facilitate and cheapen the transmission 
of intelligence. 

The first of these central plants would have been already com- 
pleted had it not been for unforeseen delays which, fortunately, have 
nothing to do with its purely technical features. But this loss of 
time, while vexatious, may, after all, prove to be a blessing in disguise. 
The best design of which I knew has been adopted, and the transmit- 
ter will emit a wave complex of a total maximum activity of ten 
million horse-power, one per cent. of which is amply sufficient to 
“girdle the globe.” This enormous rate of energy delivery, approxi- 
mately twice that of the combined falls of Niagara, is obtainable only 
by the use of certain artifices, which I shall make known in due 
course. 

For a large part of the work which I have done so far I am indebted 
to the noble generosity of Mr. J. Pierpont Morgan, which was all 
the more welcome and stimulating, as it was extended at a time 
when those, who have since promised most, were the greatest of 
doubters. I have also to thank my friend, Stanford White, for much 
unselfish and valuable assistance. This work is now far advanced, 
and though the results may be tardy, they are sure to come. 


Meanwhile, the transmission of energy on an industrial scale is 
not being neglected. The Canadian Niagara Power Company have 
offered me a splendid inducement, and next to achieving success for 
the sake of the art, it will give me the greatest satisfaction to make 
their concession financially profitable to them. In this first power 
plant, which I have been designing since a long time, I propose to 
distribute ten thousand horse-power under a tension of one hundred 
million volts, which I am now able to produce and handle with 
safety. 

This energy will be collected all over the globe preferably in 
small amounts, ranging from a fraction of one to a few horse-power. 
One of its chief uses will be the illumination of isolated homes. It 
takes very little power to light a dwelling with vacuum tubes oper- 
ated by high-frequency currents and in each instance a terminal a 
little above the roof will be sufficient. Another valuable application 
will be the driving of clocks and other such apparatus. These clocks 
will be exceedingly simple, will require absolutely no attention and 











oe 









MARCH 5, 1904. 





will indicate rigorously correct time. The idea of impressing upon 
the earth American time is fascinating and very likely to become 
popular. There are innumerable devices of all kinds which are either 
now employed or can be supplied, and by operating them in this 
manner I may be able to offer a great convenience to the whole 
world with a plant of no more than ten thousand horse-power. The 
introduction of this system will give opportunities for invention and 
manufacture such as have never presented themselves before. 

Knowing the far-reaching importance of this first attempt and 
its effect upon future development, I shall proceed slowly and 
carefully. Experience has taught me not to assign a term to enter- 
prises the consummation of which is not wholly dependent on my 
own abilities and exertions. But I am hopeful that these great 
realizations are not far off, and I know that when this first work 
is completed they will follow with mathematical certitude. 

When the great truth accidentally revealed and experimentally 
confirmed is fully recognized, that this planet, with all its appalling 
immensity, is to electric currents virtually no more than a small 
metal ball and that by virtue of this fact many possibilities, each 
baffling imagination and of incalculable consequence, are rendered 
absolutely sure of accomplishment; when the first plant is inaugu- 
rated and it is shown that a telegraphic message, almost as secret 
and non-interferable as a thought, can be transmitted to any terres- 
trial distance, the sound of the human voice, with-all its intonations 
and inflections faithfully and instantly reproduced at any other 
point of the globe, the energy of a waterfall made available for sup- 
plying light, heat or motive power, anywhere—on sea, or land, or 
high in the air—humanity will be like an antheap stirred up with a 
stick: See the excitement coming! 


EE 


The Beginnings of the Incandescent Lamp. 





By Tuos. A. Epison. 

N response to the kind suggestion of the ELecrricAL WorLD AND 

I ENGINEER that the celebration of its completion of thirty years 

of existence affords a fitting opportunity to recall the begin- 
nings of the incandescent lamp, | am glad to put on record a brief 
personal narrative of the details connected with what was to me a 
very interesting period of electrical development. The occasion is 
not only a reminder of the rapid flight of time, but of the fact that 
since 1874—the year of the quadruplex, by the way—all the great 
modern departments of electrical industry have sprung into vigorous 
being. We telegraphers have a right to claim this journal also as 
part of our contribution to the art. 

My experiments on carbon began in 1876, when I had the idea of 
making carbon wire, etc., for various electrical and chemical pur- 
poses. Even at that early time Messrs. Charles Batchelor and E. H. 
Johnson were with me, and we saw quite a business ahead in carbon 
novelties. I had familiarized myself with the properties of carbon, 
particularly that made from paper and Bristol board, and this led 
on very naturally to my work on the carbon telephone or micro- 
phonic transmitter, early in 1877. In the fall of that year I was 
pretty well through with studies and inventions in that line, but 
had several other ideas that I wanted to work up. One of these 
was the subdivision of the electric light, and I began experimenting 
with that purpose. My records and the voluminous testimony in 
litigation, now happily long past, show that in the fall of 1877, about 
September, strips of carbonized paper were tried as an incandescent 
conductor suitable for use in lamps, and the work was followed up 
until January of 1878, when the general excitement over my inven- 
tion and exhibition of the phonograph out at old Menlo Park frus- 
trated serious or continuous work for a time, in any other direction. 
In fact, my health gave way under the strain, and in July I broke 
away for a Western trip as far as California. 

Of course my mind was turning the subject over, and when I 
got back in August we immediately went at it again. Around Oc- 
tober and November Batchelor made a great number of paper car- 
bons, at least 50, from tissue and other kinds of paper, coated over 
their surface with a mixture of lampblack and tar, rolled up into 
the fine long form of a knitting needle, and then carbonized. These 
we put into circuit and brought up to incandescence in vacuo; al- 
though they would last but an hour or two. We tried a great many 
experiments with paper carbons, wood carbons and some made from 
carbonized broom corn. What we desired at that date, and had 
settled our minds upon as the only possible solution of the subdivi- 
sion of the electric light, was that the lamps must have a high re- 
sistance and small radiating surface. About December, 1878, I 
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engaged as my mathematician Mr. Francis R. Upton, who had 
lately studied under Helmholtz, in Germany, and he helped me 
greatly in calculations of the multiple arc problem. Our figures 
proved that the lamp must have at least 100 ohms resistance to 
compete successfully with gas; for if the lamps were of low re- 
sistance the cost of the copper main conductors would be so great 
as to render the system uneconomical and commercially imprac- 
ticable. In this direction we tried platinum also; and when working 
on incandescent platinum we had procured a Sprengel mercury 
pump and had ascertained that we could thus get exceedingly high 





FIG. I.—FIRST PHOTOGRAPH TAKEN BY INCANDESCENT LIGHT. 
(Reproduction of Photograph taken by Mr. Edison at his Menlo 
Park Laboratory at midnight about Dec. 20, 1879, by the light of three 
of his first electric lamps. The portrait is that of Mr. Charles 
Batchelor.) 


vacua. It occurred to me that perhaps a “filament” of carbon could 
be made to stand in the sealed glass vessels or bulbs, which we were 
using, exhausted to a high vacuum. Separate lamps were made 
in this way independent of the air pump, and in October, 1879, we 
made lamps of paper carbon, and with carbons of common sewing 
thread, placed in a receiver or bulb made entirely of glass, with the 
leading-in wires sealed in by fusion. The whole thing was exhausted 
by the Sprengel pump to nearly one-millionth of an atmosphere. 
These filaments of carbon, although naturally quite fragile owing to 
their length and small mass, had a smaller radiating surface and 
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FIG. 2.—VIEW OF EDISON LABORATORY, MENLO PARK, N. J. 


(Showing buildings and outdoor circuits lighted by incandescent 
lamps, December, 1879.) 


higher resistance*than we had dared hope. We had virtually reached 
the position and condition where the carbons were stable. In other 
words, the incandescent lamp as we still know it to-day, in essen- 
tially all its particulars unchanged, had been born. 

We began immediately to make vacuum pumps and to produce 
these paper filament lamps on them. During that November we 
made perhaps as many as 100 of such lamps, and the same month 
saw us plunged deep in experiments and inventions on dynamos, 
regulators, meters, circuits, etc., all just as necessary to the success 
of the art as the little lamp itself. Some of those paper filament 
lamps had a remarkably long life. Each yielded from 12 to 16 cp 
and they were burned on chandeliers until they gave out. The 
average life was about 300 hours. One of them lasted 940 hours 
and another 1,350 hours, so that commercial success and a new 
industry were already well in sight. 

But I was not quite satisfied as to paper, or even with the more 
regular and homogeneous wood fibre filaments, and thus came to 
take up bamboo. We happened to have a palm leaf fan on one of 
the tables. I was then investigating everything with a microscope, 
so I picked it up and found that it had a rim on the outside, of 
bamboo, a very long strip cut from the outer edge. We soon had 
that cut up into blanks and carbonized. On putting these filaments 
into the lamps we were gratified to see that the lamps were several 
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times better than any we had succeeded in making before. I soon 
ascertained why and started a man off for Japan on a bamboo hunt. 
Before I got through I had tested no fewer than 6,000 vegetable 
growths, and had ransacked the world for the most suitable bamboo. 
The use of bamboo was maintained for many years until other 
processes dealing with such material as cellulose had been perfected. 
We tried even at the earliest moment of success a number of ex- 
periments and things afterwards taken up again or followed through, 
as for example, burning the paper filaments in a vacuum charged 
with inert gas; and a little later, in 1880, we also “flashed” the fila- 
ments with gasoline vapor. 

The furore that followed the announcements from ,Menlo Park 
as to the successful subdivision of the electric light in a commercial 
incandescent lamp will be well remembered by many of the readers 
of this. The feasibility of such a thing had been denied by some 
of the greatest minds in electricity, but here it was; and along lines 
that have endured to this day. The best story at the time was 
given to the world by the New York Herald in December, 1879, and 
on Christmas Day I had already lighted up my laboratory, my offices, 
two or three houses about one-fifth of a mile from the dynamo 
plant and some twenty street lights. On the last day of the year 
some 3,000 people flocked out to Menlo Park to see it for themselves 
—and the rest everybody knows. 

It is interesting to note that in addition to those mentioned above 
I had around me other men who ever since have remained active in 
the field, such as Messrs. Francis Jehl, W. J. Hammer, Martin Force, 
Ludwig Boehm, not forgetting that good friend and co-worker, the 
late John Kruesi. They found plenty to do in the various develop- 
ments of the art, and as I now look back I sometimes wonder how 
we did so much in so short a time. Early in the spring of 1880 I 
lighted up for Mr. Villard the Oregon Steam Navigation Company's 
steamer Columbia, and it was not long before the Edison plants 
began to multiply. Meantime lamp making took on large propor- 
tions in two factories of mine, one at old Menlo Park and the other 
at Newark, and much of my energy was being devoted to cheapening 
the price of the lamp as well as increasing its life and its candle- 
power per watt. I am told that upon a moderate computation the 
production of incandescent lamps in this country since my first 
success has reached a total of 250,000,000 lamps, or not less than 
10,000,000 a year for each of the 25 years. Essentially, the lamp 
hag remained structurally the same ever since 1879, in the elements 
then demonstrated to be essentially vital and necessary to commercial 
success. 





The Success of Loaded Lines in Telephony. 





Upon the announcement of Dr. Pupin’s invention, successfully 
applying self-induction to the improvement of telephone lines, there 
was much sensational talk in the daily newspapers and elsewhere 


concerning the use of the invention in telephoning across the Atlan-, 


tic. The possibilities of such a brilliant project were so attractive 
that little attention has been given by the public to very important 
but less sensational applications of Dr. Pupin’s work. Accounts of 
experiments with Pupin coils in Germany and of the successful patent 
litigation there in their behalf, have been given in these columns from 
time to time. In this article, we give an account of some of the 
important steps which have been taken in this country looking to the 
introduction of the new form of telephone conductor. 

Following quickly upon the purchase of the Pupin patent by the 
Bell interests, overhead lines were loaded from New York to Chicago 
and to other points in the West. Although a great deal of valuable 
experimental data has been obtained, the extension of the loading of 
overhead lines has not been continued. Unforeseen difficulties in the 
nature of cross-talk and leakage effects were encountered, and while 
they are not sufficient to prevent ultimately the extension of the system 
to overhead lines, they have called attention to a number of feat- 
ures in line construction which must be attended to before com- 
plete success in overhead loading is attained. A vast amount of 
work in overcoming these temporary difficulties has already been 
done, and although many points still require investigation, it is 
safe to say that this phase of the problem presents. no difficulties 
which are insuperable and which cannot be expected to yield to 
patient and intelligent research. 

In the loading of underground cables, a great deal of important 
and successful work has been accomplished, particularly in the 
neighborhood of New York City. From Cortlandt Street to New- 
ark, N. J., a distance of about ten miles, there are working suc- 
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cessfully 50 pairs in No. 19 B. & S. gauge cable, equipped with 
Pupin coils. Each of these circuits when loaded gives a talking equal 
to that which would be obtained through six miles of the No. 19 
gauge cable unloaded. These 50 pairs have been in satisfactory 
service since August, 1902. From Cortlandt Street to Elizabeth, 
N. J., a distance of seventeen miles, 50 pairs of No. 19 gauge con- 
ductors are also equipped with Pupin coils, and are giving satis- 
faction. The talk obtained over these seventeen miles of loaded 
cable is equal to that which would be obtained through about seven 
miles of the same kind of cable unloaded. From the central office 
in Brooklyn to Far Rockaway, Long Island, there is a cable of 
No. 19 gauge, partly underground and partly overhead. This cable 
is about eighteen miles long, and talks as well when equipped 
with Pupin coils as would eight miles of standard cable of No. 19 
gauge operated without coils. From the Brooklyn central office to 
Jamaica, L. I, there is a standard cable of No. 19 gauge, twelve 
miles long, provided with Pupin coils. This cable talks as well 
when equipped with the coils as would six miles of the same kind 
of cable without the coils. From Cortlandt Street to Fordham, in 
the Borough of the Bronx, a distance of fourteen miles, there are 
fifty pairs of conductors of No. 16 B. & S. gauge equipped with 
Pupin coils. The talk through these fourteen miles of No. 16 
gauge cable equipped with coils is as good as that which is obtain- 
able through four and a half miles of No. 19 gauge standard 
cable without coils. From Cortlandt Street to Kingsbridge, in the 
Borough of the Bronx, a distance of fifteen miles, there are 50 pairs 
of No. 13 B. & S. gauge conductors in an underground cable equipped 
with Pupin coils. The talk through these fifteen miles of cable 
thus equipped with coils is equal to that which would be obtained 
through three miles of standard No. 19 gauge cable without coils. 
In all of these cases the conductors are being used satisfactorily for 
commercial business, and the results obtained are a splendid prac- 
tical demonstration of the value of Dr. Pupin’s theoretical work. 

Although ocean telephony is not yet an accomplished fact, the 
application of loading to suburban trunk lines in the neighbor- 
hood of large cities has already proved to be of very great im- 
portance. All of the electrical principles involved in the problem 
of ocean telephony apply to that of underground land lines, and the 
fact that in those lines such successful results have been obtained 
has led some of our prominent engineers to express themselves 
most hopefully with reference to the ocean telephone cable. 


Prior to the work of Dr. Pupin, there was no generally recognized 
method of overcoming the electrical difficulties presented by the 
problems of ocean telephony. Prof. Pupin has shown how to 
overcome these electrical difficulties. As the problem now stands, 
it is mainly a mechanical one, and consists in incorporating into an 
ocean cable at suitable intervals coils of iron and copper having 
the proper inductance. Looking at the problem broadly, it seems 
safe to say that greater mechanical difficulties than this have been 
overcome and that there is good reason to hope that during the 
life of the Pupin patent, we may witness the operation of a high 
speed ocean cable which would permit not only of the transmis- 
sion of speech, but what would probably be more important, the suc- 
cessful use of high speed telegraphy across the Atlantic. 


The effect of the Pupin invention upon long distance land lines 
is one which has been the subject of much debate. While there 
is no doubt that the art of loading has already greatly extended the 
effective range of underground telephone cables, it is a great mistake 
to assume that with the Pupin invention, the universal placing under- 
ground of telephone trunk lines is practicable. At the present time 
and for many years to come, the most important function of the 
invention will be to provide suitable underground circuits for the 
suburban trunk lines in the neighborhood of our great cities and 
to permit of “long distance” wires being placed underground for 
short distances within the great cities. 

Notwithstanding the Pupin invention, the most practicable way 
of operating such long distance lines as that from New York to Chi- 
cago is to carry them.overhead, except for short sections of loaded 
cable at each end. If it were attempted to place such lines under- 
ground throughout their entire length or even in the various inter- 
mediate towns and villages which they travers, the economies 
of long distance telephony would disappear and the public would 
be deprived of a most valuable adjunct to its commercial enterprise. 


To the use of subscribers’ lines extending to the central office 
the Pupin invention has no practical application. These lines are 
usually but a mile or two in length, and do not permit of being 
economically loaded. 
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The Development of Industrial Electrochemistry. 


By Dr. E. F. Roeser. 


HILE of all branches of electrical engineering electrochem- 
istry has been the last one to achieve commercial successes 
; on a large scale and may justly be considered to be still 
in the first phase of its industrial development, yet its fundamental 
principles were long exactly known (electrolytic action-Faraday’s 
law, electrothermic action-Joulean heat). Moreover, at the begin- 
ning of the nineteenth century the very first experimental applica- 
tions of the newly discovered electric current were of an electro- 
chemical nature. Shortly after the primary battery had been in- 
vented by Volta, Nicholson and Carlisle succeeded in decomposing 
water by electrolysis, and in 1807 Sir Humphry Davy delivered his 
famous lecture on some chemical agencies of electricity. Yet (to 
quote from the recent Bradley patent decision) “Davy’s experiments 
were permitted to lie dormant during seventy-six years of intense 
activity,” and in general the progress in the development of indus- 
trial electrochemistry and electrometallurgy was extremely slow 
for a long period. In fact, thirty years ago, when the first issue of 
this journal appeared, there did not exist any electrochemical indus- 
tries, with the single exceptions of electroplating and primary bat- 
tery manufacture. 


It is now not difficult to see what held the development of indus- 
trial electrochemistry back. In nearly all electrochemical and electro- 
metallurgical processes the cost of the electric power is a large 
fraction of the total cost of operation, often 25 per cent. or more, 
and even up to 90 per cent. Cheap electric power is, therefore, the 
fundamental requirement for the economical working of an elec- 
trochemical process, in exactly the same way as it is for electric 
lighting, traction and power purposes in general. Before the advent 
of the dynamo, the primary battery was the only available source of 
the electric current, if we except a limited use of the thermo-pile, 
and its limitations are obvious. The operation of a primary cell 
meant and still means essentially oxidation of zinc. When zinc 
changes from the metallic state into bivalent ions, 1.22 grams are 
oxidized, according to Faraday’s law, for every ampere-hour; we 
know that, with all possible combinations of zinc with other ma- 
terials in a primary battery, we never get much more than 2 volts, 
and if we assume the useful e.m.f. to be 1 volt (which is very fair 
for such an estimate), then every kilowatt-hour produced means the 
oxidation of 1.22 kg (or 23% pounds) of zinc. This is the theo- 
retical value which really represents a minimum of actual consump- 
tion; moreover, it does not include the cost of the other materials 
in the cell, nor the cost of construction and attendance; but it is suffi- 
cient to indicate the inherent limitations of the zinc primary battery. 

So long as primary cells were the only commercial sources of 
electric current, the applications of electrical engineering were thus 
necessarily restricted to those cases in which a very small amount 
of power only is required. That is especially the case in telegraphy, 
and, in the field of electrochemistry in those cases of electroplating 
in which a soluble anode is used of the same metal which is to be 
deposited upon the cathode. Here the voltage required at the ter- 
minals of the plating bath is consumed in overcoming the internal 
resistance only, which may be made small, and, therefore, the power 
may also be insignificant. 

It is quite natural that after the dynamo had made its commercial 
appearance, electric lighting and the mechanical applications of 
electricity, such as traction and power transmission and distribution, 
first attracted the inventive talents of electrical engineers. Never- 
theless, as we were reminded by the recent Institute dinner to Mr. 
Edison, the incandescent lamp is now only 25 years old. It is, there- 
fore, not surprising that our electrochemical industries are still young, 
since their development depended rather on chemists and metal- 
lurgists, who were attracted by the possibilities of the application of 
the electric current which had proven to be such a manageable and 
thoroughly reliable agent in other fields of engineering. 

The following sketch naturally does not aim at completeness, and 
no attempt will be made to give details of processes. The object is 
rather to bring out some general principles which have manifested 
themselves all along during the development of the electrochemical 
industries—Leitmotives, to borrow a word from Wagner’s operas. 
At the same time, we will try to arrive at a convenient classification 
of the whole subject. One general subdivision of all electrochemical 
processes and phenomena into two large classes offers itself. In 
the first class electrical energy is consumed to produce chemical 
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effects, while in the second class chemical energy is changed into 
electrical energy. Thus, the second class comprises the whole field 
of primary cells and storage batteries, while in the first class we have 
all those more or less novel processes which are now mostly thought 
of when one speaks simply of electrochemical and electrometallur- 
gical industries. 

Chemical effects may be produced by means of electrical energy 
in various ways. We can change the electrical energy into heat, 
which is then consumed in producing the desired chemical effect ; 
or we can change electrical energy into chemical energy directly by 
electrolysis; or we may use a combination of both methods; finally, 
a fourth method of producing chemical effects is by passing an 
electric discharge through gases. Before giving a cursory review 
of applications of these various principles, a general remark should 
be made on the nature of chemicals produced by such methods. 

Many of these processes consume a considerable amount of elec- 
trical energy. In the discussion of furnace processes from the ordi- 
nary chemical point of view, we may, of course, say that the energy 
is expended to produce a certain temperature which is required to 
start the process. This, however, does not tell the whole story. 
We expend a certain amount of electrical energy which is lost while 
the process is going on. What becomes of it? If the process is 
conducted under fairly economical conditions most of the electrical 
energy is changed into chemical energy and is stored up in this 
form in the chemicals produced. 

In other words, if an electrochemical process requires the expense 
of an appreciable amount of electrical energy, then the products of 
the process possess a higher content of chemical energy than the 
starting materials. This explains why electrochemical methods give 
us substances of strong chemical affinity. Moreover, these substances 
represent in a sense a storage of energy, which at the same time 
enables one to ship readily the stored energy to a point where it 
may be wanted. Two examples may explain this. 

Aluminum does not occur free in nature and its separation from 
its compounds requires a considerable amount of energy. If we elec- 
trolyze aluminum oxide dissolved in a bath of fluorides, we get alu- 
minum and oxygen; the formation heat of Al,O, is 392,600 calories ; 
hence, according to Thomson’s rule (which is fully good enough 
for this purpose) we must apply at least 2.8 volts at the terminals 
of the cell. This voltage, multiplied by the coulombs passed through 
the cell, represents the electrical energy which is changed into chem- 
ical energy. That is what Hall does in producing aluminum in his 
cell. Now, we may ship the aluminum somewhere and may then 
allow it to combine again with oxygen to form back Al,O,. Then 
we get back our energy in the form of most intense heat. This is 
what Goldschmidt does in his thermit process. (Of course, he loses 
the energy which is required to reduce the iron oxide in the thermit ; 
but this is small, compared with the formation heat of Al,O,.) 

In the Union Carbide Works in Niagara the energy of the Falls, 
after conversion into electrical energy, is stored in form of chemical 
energy in calcium carbide. As long as we keep it separate from 
water, the calcium carbide represents a storage of a distinct amount 
of energy. We can afterwards use it for the production of energy 
by generating acetylene from the carbide and water and using the 
acetylene for lighting; and we may do this anywhere, since the 
carbide can be easily shipped. 

These two examples, while simply given to illustrate the energy 
point of view, are also suggestive as to what we may expect from 
future electrochemical developments. The achievements of the past 
have given us new methods of storing and transmitting energy; they 
have enormously cheapened the production of known substances, 
like aluminum, and have given us new substances of great com- 
mercial usefulness. 

In this respect the industrial development of the electric furnace 
is very instructive. As the pioneers of electric furnace work, the 
two brothers, Eugene H. Cowles and Alfred H. Cowles, have highly 
distinguished themselves, especially in the production of aluminum 
alloys. For the industrial development of the resistance furnace, 
the highest credit is due to the persevering work of Edward Good- 
rich Acheson. The extended laboratory researches of the French 
professor, Moissan, have thrown much light on the production of 
carbides. 

The distinction between arc and resistance furnaces is so familiar 
that it is unnecessary to dwell on it here, nor shall details of design 
be discussed. But we may record the gradual change of the purpose 
to which the electric furnace is being put in practice. In the early 
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days the intention was to produce as high a temperature as possible, 
and the result was the foundation of entirely new industries, like 
those of calcium carbide, carborundum and artificial graphite. For 
the production of these substances temperatures were required that 
could not be obtained by any other means but the electric furnace. 
In more recent years the intention has been rather to design fur- 
naces so as to allow exact regulation of the temperature, and the 
electric furnace has thus been found suitable for reactions which 
do not require abnormally high temperatures. 

The effect of regulating exactly the furnace temperature is very 
instructively shown by the example of treating a mixture of silica 
and carbon, which has been one of Acheson’s fields of special re- 
search. By changing the conditions (by an appropriate design of 
the furnace so as to meet the special conditions of each case) it is 
possible to produce any one of the following substances: Carborun- 
dum, “white stuff,” graphite, silicon, siloxicon. 

The abnormal boom of calcium carbide in Europe, which naturally 
led to overproduction, resulted in various European furnace plants, 
originally erected for carbide, becoming free for other purposes. In 
looking for new processes it seems that nothing has more attracted 
the interest of European electrometallurgists than the possibilities 
in the electrometallurgy of iron and steel. Actual success has been 
achieved in the production of special steels (tool steels, crucible 
steel). A very great variety of arc and resistance furnaces have 
been developed for this purpose and in all of them care is taken to 
prevent contaminations of the bath from the carbon electrodes. Of 
special interest in connection with this latter point is the use of a 
resistance furnace, based on the induction principle, the fused steel 
forming the single secondary turn of a transformer, no electrodes 
whatever being used in this case. 

While the above processes are all purely electrothermic, the most 
notable example of a combination of an electrothermic with an 
electrolytic process is the manufacture of aluminum. The electrolyte 
from which the aluminum is deposited is a solution of alumina in a 
bath of fluorides, and its discovery which made the manufacture of 
the cheap aluminum of to-day possible is due to Charles M. Hall in 
this country and to P. L. T. Héroult abroad; both arrived inde- 
pendently of each other at the same solution. By a recent court de- 
cision the electrothermic side of the process was held to be covered 
by the internal heating patent of Charles S. Bradley. What the 
electrochemical method of manufacture has done for aluminum is 
perhaps best indicated by the fact that the price of one kilogram was 
$250 in 1855, against 50 cents now. The Pittsburg Reduction Com- 
pany has now something like 22,000 hp in operation for the produc- 
tion of aluminum, and it is evident that the greatest efforts are to 
be made to push the use of aluminum for all possible purposes. 

Other examples of a combined electrolytic and electrothermic 
reaction are the production of metallic sodium by the Castner 
process of electrolyzing fused caustic soda, and the Acker process 
of producing caustic and chlorine by electrolyzing fused sodium 
chloride with a cathode of molten lead. 


While the Acker process is the latest and one of the most care- 
fully developed processes for the electrolytic production of caustic 
and bleaching powder, it is by no means the.only one, since there 
is an abundance of processes in which an aqueous solution of sodium 
chloride is electrolyzed. We thus come to the class of purely elec- 
trolytic processes. Of course, Joulean heat and a certain electro- 
thermic effect is here not absent, simply because it is impossible to 
avoid it. But it is generally so small as to be neglected, and, in 
fact, there are many cases in which it is necessary to make it small, 
since the output would be decreased by increased temperature. 


One preliminary remark may be made on electrolytic processes 
in general. An electrolytic cell represents an electrochemical system 
and it is mostly possible to arrange it in such a way that when elec- 
trolysis begins we get the products which we want. But when elec- 
trolysis is continued we have no longer our original electrochemical 
system and the products of electrolysis may no longer be pure; we 
may now get something we do not want. The first condition that 
must be fulfilled for the successful working of an electrolytic process 
on an industrial scale is to have the conditions good at the start, 
to begin with pure solutions and to maintain them pure during elec- 
trolysis. As F. Haber says, everything can be accomplished with 
pure solutions ; nothing with foul solutions. In many cases in which 
a process looked promising from the experiments made on a small 
scale in the laboratory, it turned out to be afterwards a failure on 
a large scale, because the electrolyte soon became impure and its 
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purification required expense and the overcoming of difficulties which 
had not been expected in advance. The same fundamental principle 
of the working of electrochemical processes is expressed by D. H. 
Browne in a slightly more general form when he asserts that the 
keynote of success in electrolysis is to keep initially good conditions 
permanently good. Close experiment will almost always reveal the 
proper conditions under which certain work can be done, but the con- 
tinuance of these conditions is attainable only by continual vigilance. 

To return to the electrolysis of an aqueous solution of sodium 
chloride, the products of electrolysis are caustic soda and hydrogen 
at the cathode and chlorine at the anode. This is what is wanted 
if our final products are to be bleaching powder and caustic. But 
if we did not remove the caustic soda and chlorine from our cell 
we would have a new electrochemical system. The catholyte would 
then be a mixture of caustic soda and sodium chloride and the ions 
of caustic soda would participate in the conduction of the current 
and hydroxyl ions would travel towards the anode and produce new 
reactions. New reactions of a secondary nature would also be 
started by the mixing of the chlorine and caustic in the solution, 
due to diffusion and convection currents. It is thus clear that since 
our electrochemical system has changed we get new products which 
we do not want. The technical problem is, therefore, to keep the 
anodic and cathodic products of electrolysis separate from each other. 
It has been solved in three essentially different ways. 

The first is to separate both compartments mechanically by a dia- 
phragm. As an early pioneer of diaphragm processes, E. A. Le Sueur 
has been active in this country. The largest American plant using 
a diaphragm process (that of the Dow Chemical Company) is sit- 
uated in Midland, Mich., while various diaphragm processes are in 
successful use in numerous paper and pulp mills, notably in New 
England. 

The second general method is to keep the anodic dnd cathodic 
liquids separate from each other by making use of their different 
specific gravities (Glockenprocess, gravity process). This method 
is @pecially interesting as one of the comparatively few cases in 
which scientific research (in this case the determination of the trans- 
port numbers of the ions) has finally led to a new industrial process. 
While this process is in successful operation abroad, it has not yet 
been introduced into this country. 

The third general method is to eliminate the sodium ions which 
are discharged at the cathode by alloying them with the mercury 
cathode. This process in the form developed by Hamilton Young 
Castner and C. Kellner is in use on a large scale in Niagara 
Falls. The elimination of the sodium from the cell by alloying it 
with a fused lead cathode in the Acker process is, of course, quite 
analogous. 

In the manufacture of caustic soda and bleaching powder by elec- 
trolysis of sodium chloride, the electrolytic methods, sketched above, 
had to compete with one of the most firmly established chemical 
industries. The outcome of the war between the old chemical and 
the new electrochemical methods has been a victory for the latter, 
although the financial returns have been comparatively small, on 
account of the demoralization of the market. 

While in the production of caustic and chlorine the purpose is to 
separate and maintain separated the anodic and cathodic products, 
just the reverse is the case when we want to obtain bleaching liquors 
or hypochlorites, since they are produced by a reaction between the 
chlorine and caustic. For this purpose it is evidently necessary to 
have the electrodes near together and to aid the above reaction by 
stirring. Several forms of hypochlorite apparatus are in use abroad, 
but have not yet found any extended use in this country. By modi- 
fying the conditions of operation, it is possible to produce chlorate, 
the main points being the use of a moderately high temperature 
and precautions for preventing reduction. This example shows how 
completely the results of a reaction may be changed, by varying 
the conditions, and it emphasizes the necessity, pointed out above, 
of carefully maintaining the original conditions of the system un- 
changed during electrolysis, if we invariably want to get the same 
results. 

In electroplating, the problem is to have always a sufficient number 
of the metallic ions to be deposited, in close proximity to the cathode. 
The tendency of the current is to impoverish the solution near the 
cathode. This tendency must be counteracted. Stirring the solution 
and revolving the electrodes are suitable means and care must be 
taken to obtain proper corrosion of the anode which has to supply 
new metallic ions to replace those deposited at the cathode. There 
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are now more than 1,200 electroplating establishments in the United 
States and in recent years a tendency has manifested itself to give 
up the old rule-of-thumb methods and to work according to exact 
principles. 

Of much greater industrial importance, however, is the kindred 
art of electrorefining. In 1879 an experimental copper refining plant 
was in operation for a short time at Phoenixville, Pa., but the first 
commercial copper refining in America was erected in the early 80's. 
This is the Balbach works in Newark. To-day there are in oper- 
ation in this country ten electrolysis refineries with a total daily 
copper output of 764 tons, or 279,000 tons per year. At the same time 
27,000,000 ounces of silver and 346,020 ounces of gold are recovered 
per year in these refineries. (Ulke.) 

There is a very peculiar difference in the details of operation of 
the different refineries. Two plants use the series arrangement of 
electrodes, all others the multiple system. There is a considerable 
difference in the current density used; of two plants in the West, 
in close proximity, one uses 40, the other 12 amperes per square 
fodt. The list of variations in the method of operation could be 
easily enlarged. In other words, the art of copper refining is far 
from being standardized. Since it is known that for a number of 
years the different refineries have very carefully and systematically 
studied the best conditions of operation in their own case, the differ- 
ence in the methods of the different refineries may be attributed to a 
difference in the given conditions in each case. If this is so it em- 
phasizes the complexity of the economical working of even so simple 
an electrolytic problem as copper refining. 

Recently the Betts process of lead refining has aroused very great 
interest. The essential point is the electrolyte, which is a solution 
of lead fluosilicate, containing an excess of fluosilicic acid. It is easily 
prepared from inexpensive materials, it conducts the current well 
and it dissolves other metals but lead only in very small quantities. 
The last point is of great importance in view of the fundamental 
requirement that the solution should remain pure during operation. 
In a similar way, for copper refining the possibility of continually 
renewing the electrolyte is essential. 

The Wohlwill process of gold refining is in operation at the Phil- 
adelphia Mint, using an electrolyte of gold chloride, rather strongly 
impregnated with free hydrochloric acid. The addition of the free 
hydrochloric acid in this case, like that of fluosilicic acid in the Betts 
process, is necessary to produce the proper corrosion of the anode 
and to maintain the electrolyte in its original condition. Much special 
study has been devoted in recent years to the question under what 
conditions dense solid cathodic deposits of metals are obtained. The 
simple method by which, in the case of lead, Betts overcomes all 
difficulties in this respect—by providing a reducing action, practically 
accomplished by the addition of gelatine or glue—seems very en- 
couraging. 

As the reverse case of electroplating, we may consider the electro- 
lytic stripping of metals. The production of tin from tin scrap has 
achieved considerable commercial success, first in several plants in 
Germany, from where it was recently imported to this country. An 
interesting similar process, although of much less industrial import- 
ance, is the method of Burgess, which was used in bicycle manu- 
facturing works for removing the thin layer of brass on the surface 
of the frames by electrolysis, with a sodium nitrate solution as elec- 
trolyte. This example is mentioned to show how electrochemical 
methods may be applied to details in various manufacturing processes 
and may effect an important economy of labor. 


In their application to the metallurgy of gold, the use of electro- 
lytic methods has been confined to the cyanide process, as far as com- 
mercial success has been obtained. Electrolytic precipitation has 
been used successfully in the Siemens & Halske process in South 
\frica, although side by side with zinc precipitation. The latter 
method is nearly exclusively used in this country. But it should 
not be overlooked that the latter method is also essentially an elec- 
trochemical phenomenon. Chemically pure zinc is inactive as a pre- 
cipitating agent: What is needed is commercial zinc containing 
small particles of impurities, or specially prepared zinc couples, like 
zinc-lead. Thus, while with electrolytic precipitation we have the 
source of the electric current outside of the precipitating vat, we 
have with zinc precipitation an immense number of small short-cir 
cuited galvanic couples in the precipitating vat itself. 


In the production of metals from ores, much research has been 
devoted to the problem of getting copper and nickel from the Sud- 


bury ores. The late Dr. Hoepfner did highly valuable pioneer work 
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in this line, but full commercial success was obtained by David 
H. Browne, who, in working out his process in which chlorine 
passes through an ingenious cycle, paid proper attention to the fun- 
damental requirement that pure solutions must be provided and 
maintained. 

An interesting and novel electrometallurgical process which, how- 
ever, has not yet attained industrial importance, is Salom’s reduction 
of lead from galena by direct cathodic reduction. 

That class of processes in which chemical effects are produced by 
discharges through gases is the youngest in the development of 
industrial electrochemistry. Commercial success has been achieved 
abroad with the production of ozone from air and the subsequent 
use of ozone for sterilizing water. If the cost is not prohibitive, 
there should be a commercial future for such processes in this 
country. Great interest has been aroused by the Bradley-Lovejoy 
process for the fixation of nitrogen from the air. The process is 
still in its experimental stage and‘a successful issue would have a 
revolutionary effect in many branches, particularly in agricultural 
chemistry. The variety of possible methods is indicated by the utili- 
zation of the silent discharge in ozonizers, while Bradley and Love- 
joy produce arcs, but so finely subdivided as to give a large surface 
for small energy. 

This cursory review does not nearly exhaust the subject of pro- 
ducing chemical effects by electrical means, but it is hoped that it 
gives at least a general idea of the achievements of the past and of 
the possibilities of the future, together with some general principles 
which should always be kept in mind in connection with this subject. 
We may be permitted to treat even more briefly the reverse problem, 
that of producing electrical from chemical energy. 


There is not much to be said concerning primary batteries. Their 
limitations, if zinc is used as “fuel,” have been pointed out above. 
The problem has, therefore, been to substitute carbon for zinc and 
to devise a “carbon cell.” The effect would be commercially far- 
reaching. At present we burn the coal in connection with boilers, 
steam engines and dynamos and thus produce electrical energy by 
a roundabout method, with a low efficiency, since the efficiency of 
the steam engine is limited by the principles of thermodynamics. 
There would be no such limitations with a carbon cell. But the 
trouble is that such a cell is still a dream. Theorists and “practical 
men” have attempted the solution of the problem, but have equally 
failed. 

On the other hand, storage battery engineering has passed with 
success through an extremely active career and the outlook is 
bright for the future. As early as 1856 Gaston Planté began his 
extended investigations on the formation of the lead accumulator. 
His method was purely electrochemical. Starting with metallic lead 
sheets, he submitted them to the action of the electric current in 
dilute sulphuric acid. But since the cell had to be charged and 
discharged a great many times, his method of formation required a 
very long time and was expensive. The technical problem was, there- 
fore, to shorten the time of formation. 


Faure abroad, and Brush in this country, devised in the early 80's 
an improvement of the Planté cell, which consisted in mechanically 
applying active material to a conducting support. They thus pro- 
duced instantly a plate, the manufacture of which by the Planté 
process, would have required several months. Immediately after- 
wards an extreme activity began in storage battery invention, the 
goal being to avoid the claims of the Brush patent. The outcome 
was a modification of the original electrochemical Planté formation 
by replacing the electrolyte of pure dilute sulphuric acid by an oxidiz- 
ing electrolyte. Moreover, purely chemical formation without any 
current was also found practical. 

Along these general lines the successful lead battery of to-day 
was developed. The number of United States patents on this sub- 
ject is legion, but the patents generally refer either to details of con- 
struction or to composition of the electrolyte for formation. Storage 
batteries have found very extended use in direct-current central sta- 
tions and sub-stations. In fact, stationary batteries for such work 
represent at present 75 per cent. of all the storage batteries manu- 
factured, and for this purpose the position of the lead cell seems 
secure, 

In recent years, however, the possibilities of electric automobilism 
have encouraged inventors to search for a battery of light weight 
and small size. The use of lead was considered as essentially un- 
suitable for this purpose. The researches were mostly made along 
the lines of alkaline batteries. Finally the aim was the design 
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of an “oxygen lift” cell, with potassium or sodium hydroxide as 
electrolyte and electrodes simply undergoing oxidation and reduction 
and insoluble in the electrolyte in all states of oxidation. Several 
inventors have worked along this line, among them Jungner. But 
commercial success was first attained by Thomas A. Edison with 
his nickel-iron battery, which, it seems, will have a field of its own, 
especially for automobile work. 
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A Quarter Century of Electric Lighting. 


By Dr. Louis BELL. 


HE growth of a new art is a startling phenomenon. The famil- 
iar manufacturing enterprise of a nation may, under normal 
conditions, be expected to keep pace with the growth of the pop- 

ulation in numbers and in wealth and save for commercial disaster 
now and then, or for artificial stimulus by governmental action, to 
move forward at a fairly regular rate. But the irruption of a new art 
like electric lighting is a very different matter. It grows in response 
to a law of demand that bears no definite relation to anything and 
while, of course, this growth is affected by local causes and by the 
conditions of general prosperity, it depends largely upon intrinsic 
factors in the art itself, the effect of which cannot be predicted, but 
becomes visible in the fullness of time. 

One may study the phenomena of such growth as a pure matter 
of statistics, but while such an examination may, like other statistics 
correctly show effects, it fails utterly, as statistics usually do, in 
showing the causes which produce them. Cause and effect can be 
correlated, but only by studying the circumstances which are con- 
current with the figures. The relations between figures and facts 
are far too complicated to be self-evident. 

Starting then with the broad facts that less than twenty-five years 
ago incandescent lighting by central stations began, and that to-day 
the whole business occupies nearly 3,700 stations, represents an invest- 
ment of more than half a billion dollars, and draws a gross yearly 
income of nearly ninety million dollars, it is worth the while to 
attempt to trace the reasons for so prodigious a growth and the 
factors which have gone to produce it. 

In that quarter century the population of the country has in- 
creased about 80 per cent., and few large industries have greatly 
exceeded this rate of growth; but electric lighting starting from 
absolute non-existence has risen to an industry of the first rank 
in the face of strong competition from other illuminants, and what 
is more, in the face of a cost which throughout its whole early 
history was undeniably higher than that of any other illuminant. 
It has made its way through the operation of favoring factors other 
than economy, ranking as a luxury rather than a necessity, and 
only within a few years being able to meet competition on the simple 
basis of cost. These facts are very unusual in the history of a 
great industry and deserve careful consideration. They are the 
more extraordinary when one considers that for some years electric 
lighting was not only upon the whole the most costly but the least 
reliable form of illumination, was fought viciously by the fire 
underwriters, suffered from ferocious internecine strife among its 
exponents and had been a very Gettysburg of patent litigation. 

When late in 1879 the incandescent lamp appeared as a commercial 
possibility, the arc lamp had already been for some years in slowly 
increasing use both here and abroad, mostly for small private in- 
stallations, for the quite sufficient reason that the largest are dynamos 
would handle but a few lamps, not enough to cut any figure at all 
for anything but the smallest plants. Nevertheless it was perfectly 
evident that the arc had come to stay. It had the inestimable 
property of giving white light in the form of a very intense and 
powerful unit. Before the electric arc came into use, lights of 
similar power were practically non-existent, and the arcs could 
therefore give a brilliancy of effect previously unknown. This 
fact of itself accounted for their rapid growth in popularity and 
when their accurate rendition of color values is taken into account 
it is small wonder that they made a sensation. The Jablochkoff 
candle, practically the earliest commercial form of arc, was, in spite 
of its limitations, altogether remarkable in the quality of the illum- 
ination given, and, in fact, would be difficult to surpass in this par- 
ticular. It is interesting to note that it has continued in limited 
use even up to the present time. 


ELECTRICAL WORLD anpd ENGINEER. 


Vo.t. XLIII, No. to. 


The arc lamp therefore did the pioneering for the incandescent 
lamp. It educated the public to the appreciation of the importance 
of color values in illumination, drew once for all a line between 
weak illuminants and powerful ones, and caused all eyes to be 
turned to electricity as the coming source of illumination. 

Then came the incandescent lamp in response to the demand for 
smaller electric lights. The subdivision of the electric light was 
the problem of the day, and very fortunately this problem was 
solved by the glow lamp instead of by arcs of small candle power, 
which could not then have been, and, in fact, never since have 
been, satisfactory illuminants. The incandescent lamp nearly 
equalled the arc in rendering color values, and enormously sur- 
passed it in convenience and steadiness. 

It was far less economical than the arc and was not for some 
time on public circuits able to compete with gas, but it made its 
way by reason of its better color, its steadiness and its freedom 
from vibration of the air, and from overheating. These good 
qualities carried it ahead in spite of all opposition. It is hard to 
realize to-day how much these gains meant in interior illumination, 
but they were fully realized at the time and they unquestionably 
won the day for electric lighting. Looking over some ancient his- 
tory recently the writer came across a printed letter reporting re- 
sults from one of the early isolated plants, that in the Pemberton 
Mills, installed in October, 1881. Although in this case two 4 ft. 
gas jets were replaced by each “A” lamp of 16 alleged candle power, 
a great improvement was noted in the conditions of illuminations, 
especially with regard to color vision in work on colored fabrics, 
and in the purity of the atmosphere. Further, it was shown that 
the cost of the electric light, including interest and depreciation at 
12 per cent. and lamp renewals at a dollar apiece, was less than 
the cost of the gas for the burners replaced by more than a half. 

One smiles nowadays at the idea of replacing two 4 ft. gas jets 
by one 16-cp lamp, but the fact of doing so was a valuable lesson 
in illumination, proof that a steady light, good in color, can actually 
with positive advantage replace lights of greater gross intensity, 
but lacking these two things. 

A good many people who ought to know better have not learned 
this lesson yet and still foster the idea that illumination intrinsically 
bad can be made good merely by increasing its quantity. 

The incandescent lamp practically won its way through quality, 
for only under rare conditions could it at first show economy over 
gas at the prices generally current. Once introduced and appre- 
ciated it was rapidly pushed ahead. It was a thing to advertise in 
one’s business and to brag about to one’s neighbors, and its -use 
thus spread with the added momentum due to fashion. With it 
came increased use of arc lamps, partly in competition, but still 
consistently backing up the public demand for bright light and more 
of it. Pretty bad some of those early arcs were, too, but they did 
what gas never had done—they really lighted large areas effectively 
by dint of sheer brilliancy. Between the arcs and: incandescents 
there was awakened a demand for public electrical supply, though, 
by a strange freak of fate, the arc and the incandescent systems, 
beautifully fitted to supplement each other’s work, fought like cat 
and dog, damning each other with an ingenuity of objurgation that 
would be worthy of a unique position in profane history. Ap- 
parently this mutual abuse served simply to make violent partisans, 
and both systems flourished. Forward steps were rapid, and on 
the one hand arc machines carrying a respectably large series of 
lamps soon came into use, and the carbons, at first horribly bad, 
were so improved as greatly to better the steadiness of the light. 
On the other hand, the incandescent lamps were greatly improved 
in manufacture so that their useful life was largely increased, the 
bamboo filament was fashioned into as good practical working form 
as its nature permitted, and the invaluable three-wire distribution 
was brought into wide use. In large cities incandescent lighting 
was giving good account of itself in competition with gas, but it 
was not yet able on account of the inherent limitations of a low 
pressure distribution to work advantageously in the smaller places 
where absence of competition from gas would give it an advantage. 
At the present time more than three-quarters of the central stations 
are in such places and have the field to themselves. 

Desperate efforts were made, with indifferent success, to build 
up an incandescent lighting business on arc circuits. Such lights 
have never been wholly satisfactory even for street lighting, and 
the danger of high potential wires kept them for the most part 
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out of buildings. The greatest impetus that the art of electric 
lighting received after the invention of the incandescent lamp was 
the introduction of the alternating-current transformer system in 
1885, when the first plant went into operation in Great Barrington, 
Mass. The next two years saw the system put into practical shape, 
and thereafter the growth of small stations was startlingly rapid. 
The number of new plants started in 1885 was but 55, the next 
year it was 100, the next 147, the next 160, and in 1889 it arose to 
208. A large part of this activity was represented by small alternat- 
ing-current plants. Bad as they were from our modern standpoint, 
their old 50-volt lamps did good service, for they were far easier 
to turn out successfully than the more delicate 110-volt lamps of 
the direct-current system. It is interesting to note that in some 
of the very earliest Edison plants 8 and 10-cp lamps were freely 
used, but difficulties of manufacture and the customary gas standard 
of 16-cp soon forced the small lamps out of use only to reappear 
years later. 


Meanwhile, arc lighting had prospered, machines capable of op- 
erating forty lights or so in series had come into use; the lamps 
were of far better quality than before; and, reinforced by the power 
of working an incandescent system with alternators, the old arc 
stations took on a new activity. With the alternating system, too, 
caine alone by stress of competition, various improvements in in- 
candescent lamps, including the flashing process now universally 
used, and Mr. Weston’s structureless cellulose filament, now, after 
various modifications, in universal use. These improvements are the 
basis of scientific lamp manufacture, and the fierce fight that was 
waged between the natural and artificial filaments now seems a curi- 
out bit of ancient history. The first ten years of central-station 
lighting, with their ferocious strife of “systems” were years of 
tremendous progress, and desperate competition, often unwise and 
injurious, but serving to keep the art moving forward and strength- 
ened its hold upon the public. 

Fortunately, the one great improvement in gas lighting, the in- 
troduction of the incandescent burner, had not yet come to active 
service, else electric lighting would have had a far harder struggle 
for existence than it actually found. And when the incandescent 
burner actually did come into competition with electric lighting, its 
life was so uncertain and its color so vile that it made small head- 
way until electric lighting was in better shape for hard fighting. 
Even now, in spite of repeated alleged improvements, the color of 
the incandescent gas lamps is ordinarily so bad as to put them at'a 
hopeless disadvantage. 

3ut better things were in store for electric lighting. The war of 
“systems” drew to a close by the crippling of some combatants and 
honorable truce among others. The electric railway had come to 
strengthen the hands of the electrical industries in general, and 
the troublesome problems of alternating-current distribution, of 
proper insulation for machinery and for lines, and of machine design, 
were being rapidly threshed out. There is no absolute dividing line 
between the old and the new, but about 1890 electric lighting took a 
firmer hold and began the period of its most effective growth. 

The period was not signalized so much by brilliant discovery as 
by the application of sound common sense. The first step of im- 
portance was the introduction of large dynamos, generally direct- 
coupled. Although direct-coupling had been tried by Edison in the 
very beginning of central station work, dynamo design was fot 
then far enough advanced to ensure success, but these later direct- 
coupled units revolutionized the central station business, simplifying 
problems of distribution, improving regulation, increasing station 
efficiency, and generally putting incandescent electric lighting on an 
economical and business-like basis. Arc lighting, too, was proceeding 
on broader lines with larger units, and presently came the successful 
constant potential arc, putting it in the power of the incandescent 
lighting station to do all classes of business over the one network. 
This unification was perhaps the most important step that has been 
taken in central station practice, and it immediately gave electric 
lighting an economic lift that was very quickly felt. It became pos- 
sible to put prices at a point that attracted business, and in the 
early nineties not only was building active, but there was an ex- 
tensive course of rebuilding and change of equipment which really 
inaugurated the modern period of electric lighting. 

About ten years ago the idea of unification of service was ex- 
tended to alternating-current practice by the introduction of poly- 
phase apparatus. The first applications were to power transmission 
plants, which did not in themselves affect the lighting industry very 
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greatly; but a little later the very extensive adoption of polyphase 
transmission in central station working via sub-stations rose to 
great importance in increasing the facilities of the large urban 
plants. At the present time more than 60 per cent. of the total 
dynamo capacity in the central stations of the country is in the 
form of polyphase and other alternating-current generators. The 
introduction of these big modern alternators has enabled conditions 
of good regulation to be maintained on alternating-current distribu- 
tion systems, and has, by improving the service, greatly stimulated 
incandescent lighting on such systems. The substitution of large 
transformers feeding’ secondary mains for the house-to-house dis- 
tribution has also had a most important effect in improving business 
and in increasing station economy so as to give more encouraging 
financial returns. 

Arc lighting was much less stimulated by these changes than 
was incandescent lighting, for the alternating arc has never obtained 
a firm hold upon public popularity. Nevertheless, about 30 per 
cent. of all the arc lights are to-day operated by alternating current, 
a proportion which is due to secondary rather than to primary 
causes. The incandescent lamp has undergone in these years a far 
less extensive evolution than the arc lamp. It is now pretty nearly 
the same thing that it was ten years ago, save that improvements 
in manufacture have rendered the product somewhat more uniform. 
Chief among these we must reckon the almost universal use of the 
squirted cellulose filament and the introduction of the chemical 
method of final exhaustion. Various efforts have been made to 
introduce incandescent lamps of about double the usual voltage. 
The difficulties of construction of such lamps, their relatively low 
efficiency and the ease with which an alternating distribution at the 
usual voltages is effected constitute ample reasons for the small 
use of these high-voltage lamps; while the vigorous objections of 
the fire underwriters have discouraged any extensive exploitation 
of them. 

The greatest change of recent years in general lighting has been 
the introduction of the enclosed arc lamp, which has worked a 
revolution in indoor lighting at constant potential as well as in 
street lighting. It has on the whole stimulated incandescent lighting, 
however, by raising the common standard of brilliancy, and by 
aiding in the unification of service. Considerably more than half 
the arc lights in use are enclosed, the bulk of the open ones being 
used for street lighting by companies not yet quite ready to under- 
take re-equipment. Of the alternating arcs more than nine-tenths 
are of the enclosed type, a result due almost to necessity. The 
introduction in recent years of series alternating arcs fed from 
constant current transformers is responsible for most of the use of 
alternating-current arcs, and practically all such are enclosed. 

Through all these years of progress the incandescent lamp has 
held its own and has grown in relative popularity. The same virtues 
that gave it its start in life have kept its fortunes in the ascendant. 
With all its failings in points of efficiency it is to-day, as it was 
in the beginning, the best available illuminant in point of quality 
and general usefulness. Within very recent years determined efforts 
have been made to obtain other electric lamps of equally good quali- 
ties and of higher efficiency, but up to the present these efforts 
have not been crowned with success. The Nernst lamp, most ad- 
mirable in some respects, is at its best in competition with the arc 
rather than the incandescent lamp, and is still a rarity, not yet 
seriously to be considered in the grand total of electric illumination. 
The mercury arc, another recent candidate for lighting honors, has 
little yet to show in the way of results, and its color is so hopelessly 
bad that unless remedied by some very radical step, the lamp will 
entirely fail of material usefulness as a general illuminant. If the 
public could be educated up to the point of liking the color of the 
mercury arc, it would already have welcomed the incandescent gas 
mantle to the exclusion of nearly everything else. 

The incandescent lamp is then to-day as it has been all through 
its history, the mainstay of modern illumination so far as interior 
lighting is concerned. It may in due season be supplanted by 
something better, but that something will have to be equally steady 
and simple and convenient and good in color. At the present time 
there are nearly twenty million incandescents in lighting service 
from central stations in this country alone—how great a harvest 
from the seed time of 1879! Electric lighting has won its way 
into the front rank of American industries, and there it is likely 
to stay. Its full history cannot be written apart from that of the 
country’s industrial growth with which it has more than kept pace. 
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The Development of Industrial Photometry. 


By Pror. C. P. MatrHews. 

The science of photometry from an industrial and commercial 
standpoint has passed through two periods of marked stimulus. 
These periods have been contemporaneous with the development of 
the gas industry and the development of the electric light, respec - 
tively. The development of the incandescent lamp with the neces- 
sity of careful candle-power ratings, especially, has resulted in im- 
proved photometric methods. Apart from the growth and improve- 
ment of the science due to the causes just mentioned, there has been 
a more or less steady improvement in the physical laboratories of 
the world. 

Notwithstanding the great improvement that has been made 
both as regards accuracy and speed, it must be said that until quite 
recently there has been a widespread tendency to regard photometric 
results as of very doubtful accuracy. People have grown to look 
askance at all candle-power measurements. Unfortunately, there 
has been much to justify this scepticism. Photometric results have 
been widely at variance. Three causes have contributed to this con- 
dition. (1) The lack of a satisfactory primary standard of light. 
(2) The failure to take into consideration the many sources of 
error in the actual process of measurement. (3) In many cases the 
fluctuating character of the thing to be measured. The question of 
a standard of light cannot be dealt with here. It may suffice to say 
that while the problem of a satisfactory primary standard seems far 
from solution, the matter of preparation and distribution of care- 
fully-prepared secondary or working standards is being well taken 
care of. The Electrical Testing Laboratories in New York are 
prepared to issue seasoned and standardized glow lamps, which yield 
a candle-power in close accordance with the Reichsanstalt standards. 
The National Bureau of Standards at Washington is prepared to 
certify the standards in terms of the same unit. The action of the 
American Institute of Electrical Engineers, provisionally defining the 
British standard candle as 1/.88 Hefner units has done much to 
relieve the situation of doubt and uncertainty. 

With reference to the errors that creep into the actual process of 
measurement, it may be said that, although photometry is simple 
in theory, it requires no little skill and judgment on the part of the 
operator. The science has undoubtedly suffered from the idea more 
or less prevalent that almost anyone can make photometric measure- 
ments. 

As to the third cause of inaccuracy, it may be said that in many 
cases the attempt is made to measure the candle-power of a source 
which fluctuates in brightness in the measured direction between 
wide limits. Ordinary arc light photometry furnishes a good example 
of this. It will readily be seen that attempts to assign a fixed value 
to a quantity so varying as the light emitted in a given direction from 
the arc, would yield discordant results unless the readings are ex- 
tended over a long period. 

The photometry of artificial light sources may be considered under 
two heads: (1) Ordinary photometry, or such as deals with the 
integral brightness of the source; (2) spectro-photometry, or such 
as deals with the distribution of the brightness throughout the spec- 
trum. Only the first-class of measurements will be taken up in 
this article. In considering the measurements that fall under the 
head of ordinary photometry, it is evident that the subject might 
properly be taken up under more than one classification. 

We will first consider the subject from the standpoint of the 
relative accuracy of the results obtained. In this respect we may 
distinguish (1) work requiring and receiving the highest possible 
experimental skill. Under this head would come the study and com- 
parison of the various primary standards of light. Naturally, in 
such work the highest obtainable accuracy must be aimed at. Every 
condition affecting the problem in hand must be studied with a view 
to ascertaining its importance and the correction for or the elimi- 
nation of its effect. (2) Work requiring careful and conscientious 
measurement, but not necessitating the same degree of skill as that 
just mentioned. Under this head would come preparation of sec- 
ondary or working standards of light in the shape of carefully sea- 
soned and tested glow lamps. Thanks to the constancy which can 
be obtained in a set of carefully intercompared lamps, it is alto- 
gether possible to maintain a temporary standard of light with all 
necessary accuracy. Indeed, it has been shown by Sharp that copies 
of the arbitrary standards set up in this way can be produced with 
considerable greater accuracy than it is possible to secure in main- 
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taining the best primary standard known to-day. An _ indefinite 
number of these copies can be made and placed in the hands of those 
requiting working standards of light. Thus, pending the develop- 
ment of an invariable primary standard, we shall at least be in fair 
accordance as regards our working-standards of light. And further- 
more we shall have the means at hand through the National Bureau 
at Washington of checking our standards at any time. 

The subject of ordinary photometry may also be subdivided ac- 
cording to the character of the measurements. These may be either 
unidirectional or integral. Early photometric measurements were 
entirely of the first class. Experimenters were content with candle- 
power in a single direction, usually horizontally and normally to 
some specified aspect of the source. For example, the candle-power 
of a gas flame is understood to be the result of a measurement made 
in a direction normal to the broad ‘side of the flame. A similar 
measurement was applied to earlier forms of the incandescent lamp. 
Measurements of this kind are necessarily a basis of all curves of 
candle-power distribution, and hence are an invaluable aid to the 
study of artificial light sources. 

The simplest example of the second-class of measurements is the 
determination of the mean horizontal candle-power of an incan- 
descent lamp by making a photometric setting while the lamp is 
spun on a vertical axis. Lamps are rated commercially to-day by 
this method. Obviously, the method is applicable to any source 
which can be rotated at the required speed without altering its light- 
giving value. The determination of the mean spherical candle-power 
of a light source at a single setting furnishes another example of an 
integral measurement. By means of the apparatus developed by the 
writer, it is possible to make the spherical measurement with all 
the ease and celerity obtainable in the simplest photometer setting. 
Moreover, the accuracy of such measurements is as great as that to 
be secured in the longer and more laborious methods. It is not, 
perhaps, out of place to say that a form of the apparatus less ex- 
pensive than that originally put out is now being introduced. 
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The Unchangeableness of the Three-Wire System. 


By CHar.es L. EDGAr. 


I do not suppose that, in the history of the world, there has ever 
been an industry which has shown such tremendous growth in a 
quarter of a century as that with which your paper has to do. To 
sdy that you not only have kept the pace, but have actually made the 
pace many a time is, I think, a compliment which is your due. You 
are to be congratulated on your work and we are to be congratulated 
that our industry has such a paper. 

On looking back over the years there is, in my mind, one thing 
that stands out above all others, and that is the unchangeableness 
of the Edison three-wire system of distribution. If we look back 
to 1883 and go over the plans of the Sunbury station, especially its 
switchboard connections, its feeder system and its distribution of 
mains, we will see that it is an exact duplicate, in miniature, of what 
is now being used in the large cities of the country. Changes due 
to the enormously increased quantity of current have been very 
great, but the fundamental principles laid down by Mr. Edison a 
quarter of a century ago are still recognized to-day in designing all 
comprehensive systems of distribution. It is perfectly true that 
instead of locating small steam stations at regular intervals through- 
out the city, as was done in the early 80’s, we are manufacturing 
our electricity at high tension at a distance and transmitting it to 
what are now called sub-stations, but from that point on the quarter 
of a century has changed only the details; the principles are the 
same. Even in details, the changes are less than one would imagine. 
The feeder regulator has given way to the multiple bus; the mains 
have become larger and the feeders, relatively speaking, fewer, as 
time has gone on. The wires have been taken down off of poles 
and put underground; the catch box of to-day is an exact duplicate, 
in theory, of the distributing pole of the Sunbury days. It is 
merely underground, carries more current and has a few more re- 
finements. The low-tension switchboard of the modern station of 
to-day was designed in 1882 and has only been multiplied a hundred 
times. So we could go on, item by item, and a whole book could 
be written, all going to show that in the wonderful advance which 
has been made in an industry which is to-day one of the most prom- 
inent in the world, the three-wire system stands unchanged—a mon- 
ument to the genius of Mr. Edison. 
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The First Electric Street Car in America—1884. 





By E. M. BEnrTLeEY. 


N July 27, 1884, an Associated Press dispatch was sent out 
from Cleveland, Ohio, as follows: 


“The first electric railroad for public use in America went into 
operation in this city yesterday in connection with the East Cleve- 
land Street Railroad Company, which has just completed a mile 
road. The experiment was so successful that the company expects 
to change its entire system, comprising over 20 miles, into electric 
roads. The Bentley-Knight system was used and the current was 
carried on underground conductors laid in conduits like those of 
cable roads. The cars were started and stopped and reversed with 
the greatest ease. Any number of cars up to 15 can be run at one 
time on a single circuit and from one machine, which is a result not 
attained by any of the European systems now in operation. The 
success of the new road has made a great sensation in both street 
railroad and electrical circles, and is expected to greatly extend the 
field of electrical development, as well as enhance the value of street 
railroad properties.” 


The occasion for this enthusiastic dispatch—which is not without 
some prophetic truth—was a single electrically-driven street car, 
that had for many years traveled up and down the streets of Cleve- 
land behind two car horses, such as are now happily obsolete. Go- 
ing back fifty years or more, we find many instances, both in this 
country and abroad, of scientific toys, comprising a small motor 
mounted on a truck and supplied with battery current through the 
track rails. Indeed, the advent of the battery as a source of current 
gave rise to many suggestions which we have only seen realized in 
recent years. Prior to 1884 Mr. Edison had also constructed his 
well-known pioneer roads at Menlo Park, N. J., one in 1880 and 
the other in 1882, in both of which one track rail had served as the 
outgoing and the other as the return conductor of the circuit. Mr. 
Daft had also been experimenting, having operated a short length 
of track on the pier at Coney Island in 1884, while in 1883 he made 
a few trips with an electric locomotive drawing a passenger car 
on the Mt. McGregor Railway near Saratoga. He, too, employed 
the track rails for his respective conductors. Indeed, he once took 
out a patent on an electric railway, in which the novelty lay in the low 
potential which he purposed to use; 30 volts was the upper limit of 
his low potential and the rails were to be “practically uninsulated.” 
This is mentioned in passing to indicate what a blank wall of inex- 
perience confronted the early experimenters. Mr. Edison was. then 
dreaming principally of a high-speed road from New York to Phil- 
adelphia and Mr. Daft’s efforts were in the same direction. Many 
other projects of that date seem even more preposterous in the light 
of our present knowledge. 

Mr. Knight and myself, perhaps more than others at that time, 
were impressed by the fact that the immediate need for electric rail- 
ways was in the city streets, and that the use of one rail as a positive 
and the other as a negative conductor, or even a live third rail, was 
not feasible for this purpose. There was also an active agitation 
then in progress against overhead wires, and so we undertook at 
once the development of our ideal, namely the conduit system, or, 
as it is now usually known, the underground trolley, quite uncon- 
scious that we were extremely premature. 

The street car track of those days was simplicity itself, and it was 
several years before the average street railway superintendent could 
be brought to believe that an electric car deserved anything but the 
worst piece of track on his road. The ties were first laid down 5 ft. 
apart and upon them were placed the two longitudinal wooden 
stringers 6 or 8 in. in depth and upon the stringers were spiked strap 
weighing 35 or 40 pounds to the yard. The switches were 
merely cast-iron plates inserted at the branching points of the track. 
There was a prejudice against movable tongues on switches. In 
some of the more elaborate roads tongues were employed, operated 
by a tilting table, the horses walking on one side or the other of the 
table to throw the switch, but more commonly the horses would be 
turned to one side or the other of the car to drag it laterally across 
the switch plate to make it take one or the other of the two branching 
An objection gravely urged against electric cars was that 
there would be. no horses to pull the cars sideways at the switches 
This track construction, although 
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universally used, deteriorated rapidly. The surface of the stringers, 


being alternately wet and dry, soon rotted and invariably rotted in 


spots so that the flexible strap rails quickly assumed a wave form, 


ind the light with their short wheel bases would go bobbing 
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along like a ship at sea. The outfit of the repair gang was corre- 
spondingly simple, comprising an adze, a crow-bar, a sledge hammer, 
a bag of spikes and a bundle of “shims.” It was an easy matter to 
pry off a rail, adze off the rotten surface of the stringer, lay in a 
“shim” and spike the rail in place again. I have referred to this 
matter to indicate the nature of the conditions encountered by the 
pioneers of the electric railway, it being manifest that electric rail- 
roading on a track of this description was no easy matter. It was, 
however, but typical of many other difficulties besetting the situation. 

It was on a track of this kind, along a section of the line of the 
East Cleveland Street Railway Company, that the car in question 
was first operated. The route began on what was then known as 
Garden Street, two blocks west of Wilson Avenue. From Garden 
Street it turned into New Street, and then into Quincy Street, and 
was at first about a mile in length, but was soon after extended 
across the Cleveland & Pittsburg Railroad tracks and thence along 
Quincy Street to Lincoln Avenue. The conduit was of wood, ex- 
cepting about roo ft. at the crossing of Wilson Avenue, which was 
of iron. Rectangular cast-iron yokes were set on the ties and outside 
of the yokes were two-inch planks, set on edge to form the sides of 
the conduit, while similar planks formed the top, with a slot having 
an original width of three-quarters of an inch. Inside the conduit 
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were the conductors, formed of channel bars about four inches apart 
and supported on insulators projecting from the wooden side walls 
of the conduit and entering the groove in the rear of the channel bars. 
On. this crude line of construction there were worked out several 
curves, also the branches for a turnout and for one spur track and— 
most difficult of all—a railway crossing. through the Cleveland & 
Pittsburg tracks. The current for the road was supplied at first from 
a Brush arc light machine, No. 7, driven by a 25-hp engine in the 
car barns at Euclid Avenue, a quarter of a mile away, and to one old 
gentleman, a director of the road, it was a constant source of wonder 
that, after throwing the switch, it took such a short time for the 
current to come from the car barns to the road. The first car was 
equipped with another Brush arc light dynamo, No. 6. It was 
pended directly underneath the center of the car body, the shaft ex- 
tending across the car. On the driving end of the shaft were two 
pulleys, each having a series of half-inch grooves in its face and 
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from these pulleys belts of coiled steel wire extended in opposite 
directions to counter-shafts on each end of the car, which, in turn, 
were similarly belted to the axles. This mode of gearing had been 
the outcome of considerable experiment, and it must be said that, 
for a few days, the operation was all that could be desired, there 
being no slippage of the belts, while there was a yielding spring start 


which was easy and agreeable. In the course of a week or two, how 


ever, the springs were breaking with a loud report, at the rate of 
about one an hour, and, until the passengers got used to it, there 
was a serious commotion among them each time that it occurred 
At first the breaks were at the couplings, but when this was finally 


overcome the wire itself began to give way, indicating that, for 


steady work, the duty was too severe, crystalization of the wire re 


sulting in a short time; nor could it be obviated by any kind of 


The belts were, however, kept going until a 
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wire then available. 


second car was equipped with a different transmission scheme. 
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this car the motor shaft was equipped with a friction wheel made 
of discs of strawboard solidly compressed. Outside of this pulley 
and around it were grouped three similar pulleys, one of them larger 
than the other two, and outside of the three was a shell, the four 
pulleys having a sort of eccentric compression against the shell, 
without strain on the bearings, and the shell was mounted on a 
separate shaft and connected by link belts to the car axle. This 
device likewise worked well for a time, but one day the friction 
wheels began to slip under a heavy load, developing flat spots at once 
and the usefulness of the contrivance was at an end. A third car 
was then equipped with spur gearing, the body of the gears being 
built up of paper like a paper car wheel. By this expedient the noise 
of the gearing—which had been one of the reasons for not employing 
spur gears at first—was deadened to a satisfactory degree. The 
motor shaft had a speed of 1,500 and we could find at that time no 
precedent for the use of spur gearing at that speed. In this third 
car the motor was carried by a separate truck, its shaft lying longi- 
tudinally of the car and gearing with a parallel counter-shaft, which 
drove the two axles by bevel gearing. This eliminated for a time 
the difficulties involved in the mechanical transmission between the 


motor and the car. 


The regulation of the motor and its reversal was extremely simple 
so long as we were working with a constant current, it being only 
necessary to move the brushes around the commutator both for 
reversal and for speed adjustment. From the brush-shifter a rod 
extended to each end of the car where, by means of a simple lever, 
the entire control of the car was secured. We had, at the outset, 
been possessed with the idea that the cars might be operated in series 
with a constant current, a scheme which was quickly abandoned 
by us, although a few years later Mr. Short, in Denver, made a 
brave attempt to operate such a system and succeeded in running 
six or seven cars in that manner. It should be said that the series 
arrangement was our plan for long-distance and high-potential work, 
though we gave it a brief, but unsuccessful, trial on our Cleveland 
road, 

Mr. Short, on the other hand, used the form devised by Fleeming 
Jenkin, who was the first to propose the series system. The line 
was divided into sections shorter than the length of the car with a 
spring jack between each section and its neighbor. On the car was 
a plow, as long as the car, and serving, in effect, as a plug for the 
jacks, taking into a jack ahead before leaving the jack in the rear. 

After giving up the idea of constant-current operation, there fol- 
lowed a long chapter of experiments for the working out of motor- 
regulating devices for constant potential, which culminated in the 
contrivance of a regulating rheostat of sheet-iron plates in super- 
ficial contact, such as was afterwards used by the Thomson-Houston 
Company up to the time that the series multiple method was brought 
into use, about 1892. It should be remembered that constant-poten- 
tial circuits at 500 volts were then unknown, and that there was 
little or no precedent for the control of motors of the size needed for 
railway work, even on 100-volt circuits. 


Another source of serious tribulation was the plow for maintain- 
ing connection between the car and the conductors in the conduit, 
this problem being intimately associated with the matter of the bad 
roadway, which at that time appeared to be indispensable. It seemed 
necessary to anticipate that a car would jump the track at least once 
a day, and, whatever the future might have had in store, it was then 
an absolute requirement that a car should be permitted to leave the 
track as frequently as it desired without wrecking the plow. This 
point having been established, we met the situation by means of a 
plow so constructed that it could be thrown out through the slot at 
any point and so hung on the car that it would be tripped and swung 
up out of the conduit, if it encountered any obstruction such as the 
end of a loosened plank on the conduit, or if it should bind in the 
slot when the car went off the track. Manifestly, the requirement 
that the plow should be capable of coming out through the slot im- 
posed limitations on the size of its parts and in consequence there 
was liability of breakage while, moreover, with such insulating ma- 
terials as were then available to the art a “ground” was not un- 
known. It was only after the art was so well advanced as to make 
it reasonable to expect a car to stay on the track, that the construc- 
tion of a substantial and reliable plow became feasible. It was some 
years, however, before electric cars were deemed worthy of having 
a new track laid for them. It was considered their duty to travel on 
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any old track that might happen to be already on the ground. It may 
be mentioned that the “plow” originally received that designation 
from the fact that in one of our earliest schemes, which fortunately 
was never attempted in practice, the top of the conduit was made 
up of hinged sections that were to be lifted as the car proceeded by 
means of a device which was naturally designated as a “plow,” a 
name which has since clung to it. 

The success of this road, as a factor in actual service, was really 
greater than might have been expected. At first the passengers 
coming up from down-town transferred to the electric car and 
were taken by it to the end of the route, while, after the third car 
was in use, it took the horse cars through as trailers. A week or ten 
days of uninterrupted service would be followed by several days 
of repair work. The object of the enterprise was, however, to test 
out the value of different devices by subjecting them to service con- 
ditions, and not to do the actual work of the railway. Winter run- 
ning was particularly uncertain, but we demonstrated the ultimate 
possibility of it to our satisfaction. The road was operated for over 
a year, but the construction was, in its nature, temporary. Besides 
the wooden conduit, the streets through which we ran were sewer- 
less, and about to be torn up, while we were then unprepared to 
replace the wooden conduit with a steel one or to provide the addi- 
tional material required for a permanent plant, even if it would 
have been commercially warranted in that location. There were also 
people who could not be brought to believe that a Brush arc light 
dynamo was not an ideal railway motor, or was susceptible of im- 
provement for that or any other purpose. In consequence we had to 
continue the development of the conduit system elsewhere—at Provi- 
dence, at Allegheny City and finally at Boston, where it met its 
rival, the overhead trolley, and came to grief, not to revive again 
for ten years. 





At the ‘“‘ Lab’’ Twenty-Five Years Ago. 





By A. E. WINCHESTER. 

Good friend, receive the heartfelt and sincere congratulations of 
the humblest of the old-timers upon the attainment of your prime 
and hearty age of thirty years crowned with success, and the fact 
that you are looked forward to weekly with warm welcome wher- 
ever “currents” and “watt-berries” grow. May success abide per- 
manently with you! Is it possible to give adequate expression to 
thoughts that flash through the mind of one trying to briefly review 
what science and electricity have wrought within the past quarter 
century? A history of untold volumes telling of man’s great deeds 
of evolution and revolution. Did time and space permit, the task 
would be too great for me. 

Looking from a window in the South Norwalk municipal electric 
works, I see a man in the distance; how slowly he walks, how small 
he looks. Viewed outwardly, how insignificant is man, after all. 
Divested of intellect, he is the most helpless of creatures. But en- 
dowed with reason, his physical weakness is not seen; he is master 
of all living things, and nature’s forces respond to his touch. Elec- 
tricity by his will has changed, within our memory, from a dreaded 
mystery to the most useful and familiar agent of our commercial 
and social existence. When, as a green run-away school-boy, I en- 
tered the budding Edison interests, every one connected with the 
meager science knew, or seemed to me to think they knew, all there 
was to know about the applications of electricity. It happened that 
I was soon assigned to do some work for Mr. Edison at the labora- 
tory. I will never forget the sensation of awe that I felt as I stood 
gazing at the “old man,” as he was called in endearment by his 
boys. He with characteristic unconsciousness worked away on his 
feeder-and-main scheme, without seeing me, until some one slapped 
him on the back and shouted in his ear, “Say, Tom, don’t you see 
that chap wants to talk to you?” “Then why don’t he talk?” was 
the ready reply, accompanied by a keen glance,—and after reading 
my credentials, a friendly smile. A grimy hand was shoved out to 
me. That was many years ago, but I will never get over being 
proud that a hand of mine shook the hand of Edison. Something 
about me. perhaps it was my modesty—I was still new to the busi- 
ness—-reminded him of a story which had to be told before further 
operations could proceed. It was a good one, one of his “specials ;” 
I remember it well, because others have since tried to work it off on 
me as original goods. Maybe I will whisper it as a familiar reminis- 
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cence of the “old man” sometime later, where the ventilation is 
good. When I left the laboratory that night, my hat fitted snug 
upon an expanding brow. I knew it all—all about filaments, lamp 
construction and the theory of sub-divided current. I thought ! 
did, and was rather “chesty” to my less favored associates. How- 
ever, the shrinking process came to my rescue in due time, and I 
have kept shrinking ever since, until now you can’t find my little 
glim among the great lights of to-day. 

But those early days brimmed full of exciting experiences, failures 
often and triumphs occasionally, but big ones when they came—lamps 
without life, others with too much, “shorts” that would not burn 
out, and armatures a-plenty that would, as the old boys can well re- 
member. The bitter and the sweet of those times will never be 
tasted by those more recent in the field, because the days of the “rule 
of thumb,” “cut and try” and “guess again” have passed out of 
operative electricity, and things are done right the first time now, 
because those old fellows of years ago found out how. The old-timers 
hewed their way up from the wilderness of obscurity to light, and 
left a broad path behind them reaching high up on Mount Progress 
to the zone of success for future generations to follow upward also, 
unhampered by doubts. 





The Progress of Telegraphy During the Past Thirty 
Years. 





By WILLIAM MaAveER, Jr. 

HEN one regards the vast extent of the present-day applica- 
tions of electricity, it is difficult to believe that thirty short 
years ago—less than the one-third of a century—the chief, 

indeed it may almost be said the only, important use of that force 
was in its application to electrical telegraphy. Yet such was the case. 
In the year 1874 the dynamo-electric machine, that revolutionizer— 
in fact, the creator—of many of the industrial arts of the greatest 
magnitude, was known, it is true, and the fact that it was reversible 
had already been discovered—a discovery that ranked as one of the 
most important of the nineteenth century. But its use was then very 
limited, and the crudity of the machine at that time is well exempli- 
fied by the manner in which the manufacturers of the period graded 
its capacity, namely, by saying, in all seriousness, it was equal to so 
many Bunsen cells; that it would take so many horse-power to drive 
it, or that it would heat a platinum wire of a certain length and thick- 
ness. The latter method of defining current strength, it may be 
noted, was also resorted to by the earlier experimenters as a means 
of designating the strength or capacity of Leyden jars. (Query.— 
Thirty years hence will some retrospective or reminiscent writer 
have occasion to note that the manufacturers of 1904, in all serious- 
ness, defined the output of their generators of electromotive force 
as so many kilowatts, 90 per cent. efficiency, etc. ?) 

To show more clearly the progress of electrical telegraphy during 
the past thirty years, it may be advisable to refer briefly to the state 
of that art at that time or shortly prior thereto. Up to 1872 all over- 
land wires, as well as the long submarine cables in this country and 
elsewhere, were worked single, as it is termed; that is, but one mes- 
sage was sent at a time over one wire. In this country the Morse 
manual telegraph system was, with the exception of the House and 
the Phelps printing telegraph systems, the only one in operation. The 
speed of transmission by the Morse manual method was from 20 to 40 
words per minute, depending on the skill of the operator. The speed 
of the Phelps printer was about 50 words per minute. In Europe the 
systems most in vogue were various types of needle and dial tele- 
graphs, together with the Hughes printer. The Atlantic cables were 
in operation, working at a speed of from 10 to 12 words per minute. 
In Great Britain the Wheatstone Automatic was working singly at the 
rate of 80 to 100 words per minute. Galvanized iron wires of No. 
4, 6, 8 and 9 gauge, were used exclusively for overland purposes, 
and primary batteries, such as the Callaud or the Grove, were the 
only sources of e.m.f. employed on telegraph lines. 

In 1872 a most important advance in the art of telegraphy was 
made in the application of the condenser to the Stearns duplex, which 
duplex had been introduced two or three years previously on the 
telegraph lines of this country. This invention by making it feasible 
to send two messages at once over one wire, doubled the capacity of 
all through overland wires on which it was applied; and it was not 
long thereafter before the duplex principle was successfully employed 
on the Atlantic and other long cables. 
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In the meantime Edison was assiduously working to perfect a 
quadruplex system of telegraphy by which four messages might be 
simultaneously transmitted over one wire, and in 1874 his efforts 
were rewarded with success. This achievement practically quad- 
rupled the capacity of the through overland wires and thereby added 
thousands of miles to the existing facilities of the telegraph com- 
panies and governments employing it. It has been said by a recent 
imaginative writer that the quadruplex system sprang fully equipped 
in one night from the inventor’s brain. The present writer has a 
clear recollection of rumor current at the time that the perfecting of 
the quadruplex was the result of many weeks and months of arduous 
toil, during many nights of which the inventor, when he slept at all, 
slept on the floor or on a bench beside the apparatus. 

By the application of the duplex principle to the Atlantic cables the 
capacity of each cable has been doubled. This is likewise true of the 
land circuits on which the Wheatstone automatic system is employed. 
So that to-day, with other refinements in the art of submarine cable 
working, including the automatic transmission of messages, the 
capacity of an Atlantic cable is now about 22 words per minute in 
each direction. In Great Britain the capacity of a circuit employing 
the Wheatstone automatic system is now from 200 to 400 words per 
minute, depending on the length and other conditions of the circuit, 
in each direction. 

During the past 30 years a number of rapid automatic telegraph 
systems have been tested in the United States, notably about 12 or 
20 years ago, when more than one company was engaged in exploiting 
certain chemical and other automatic telegraph systems, to be oper 
ated at from 800 to 2,000 words per minute. But from various causes 
these systems were not permanently adopted, and the lines built for 
them were absorbed by companies operating on the manual Morse 
system. In Europe, within the past few years, several rapid auto- 
matic telegraph systems, capable, it is claimed, of transmitting mes- 
sages at the rate of several thousand words per minute, have been 
tested; but it is not known that such systems have as yet gone into 
actual operation. The matter of rapid automatic telegraph transmis- 
sion versus the Morse manual method, which later is practically the 
only one employed in America, Australia, New Zealand and largely 
in Europe and Great Britain, is a vexed question. There are those 
who consider that the retention of the Morse manual method is an 
evidence of backwardness on the part of those employing that system. 
But it should not be overlooked in this relation that the manual Morse 
method has of recent years gained ground in Great Britain and 
Europe generally, to do which it had to displace the one-time, almost 
generally employed, needle and dial systems. Furthermore, in Great 
Britain, where. automatic telegraphy has been for many years in con- 
stant operation, and where, in fact, chemical automatic telegraphy 
had its birth, automatic telegraphy is to-day confined to the com- 
paratively slow-speed Wheatstone system, which system is, it may 
be remarked, in great measure but a refinement of the Morse manual 
method of transmission. 

On the continent of Europe the needle telegraph is still somewhat 
extensively employed. In France the Baudot synchronous printer, 
by which four messages are simultaneously transmitted over one 
wire, is now utilized on all the important through circuits, and affords 
a capacity of about 110 words per minute to each circuit. In this 
system, as well as in the case of the Hughes printer, which is also 
employed largely in Europe, the message is printed on a paper strip 
as received. 

In this country the Buckingham printer, which operates at a speed 
of about 100 words per minute, in each direction, is employed on cir- 
cuits from 500 to 1,000 miles in length. By this system messages are 
printed in page form on the ordinary telegraph blank as received. 
Two other important page-printing telegraph systems, namely, the 
Murray and Rowland, are now being experimented with in this coun 
try and Europe. 

An important innovation in the method of preparing messages may 
be mentioned in the case of the Buckingham keyboard perforator, 
which was initially designed to prepare messages for transmission by 
this system, but which is now also used to prepare messages for 
transmission by the Wheatstone automatic system, employed on a 
number of circuits here, almost to the entire exclusion of the mallet 
method of preparing the messages. The keyboard method more than 
doubles the rate at which messages may be prepared for automatic 
transmission as compared with the mallet or hand-perforator. As 
an instance of this, it may be noted that one operator has perforated 
850 messages in II consecutive hours by the keyboard perforator. 
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Among other developments of electrical telegraphy in the last 30 
years has been the Delany synchronous system, which transmits four 
to six messages at once on one wire. This system has been employed 
in Great Britain for some years. The messages are transmitted 
manually at the ordinary rate. Another exceedingly valuable inven- 
tion of recent years is that of Van Rysselberghe, by means of which 
it is possible to telegraph and telephone over the same wires at once; 
that is, while the two wires of the telephone circuit are being utilized 
for the transmission of speech on long-distance wires, both wires 
may at the same time be employed for ordinary telegraph purposes. 
In this country many telephone circuits are, by means of this system, 
operated also as telegraph wires. On the other hand, the telegraph 
wires of the country are used exclusively for telegraph purposes, but 
little effort having been made, it would seem, to utilize telephony as 
an adjunct to the regular business of telegraphy, which has long been 
an occasion of some wonder to the writer, although he is not unmind- 
ful of the difficulties of the matter. It should, however, be added in 
this relation that some of the telegraph wires of the railway companies 
of this country are utilized for simultaneous telegraphy and tele- 
phony. As long ago as 1890 the writer connected up the first set of 
apparatus for this purpose in the New York office of the telephone 
company for an experimental circuit between that city and Phila- 
delphia. 

As soon as the dynamo-electric machine was shown to be a prac- 
tical source of e.m.f., it was quickly employed by the telegraph com- 
panies for that purpose, the first installation of which was made in 
the Western Union building in 1880. Since then primary batteries 
have been entirely dispensed with in all the large telegraph offices, 
dynamo machines or storage batteries replacing them. In 1884 the ex- 
tensive employment of hard-drawn copper wire was begun by the 
telegraph companies, and its use has continued up to the present time, 
although large quantities of iron wire are still used in the telegraph 
service. 

Still another obvious improvement in the telegraph service that has 
taken place in this country within the last decade is the general use 
of typewriters by the operators for the reception of business. This is 
not only more satisfactory to the public, but is a boon to the oper- 
ators employing the typewriter, as it reduces the work of transcribing 
the messages to a minimum. Another recent improvement in this 
direction is the use of the typewriter keyboard as a transmitter of 
messages by the Morse alphabet; depression of a key effecting the 
transmission of dots and dashes corresponding to the letter repre- 
sented by the key so depressed. 

In one respect, however, it must be noted that within the last eight 
or ten years there has been a falling off in the efficiency of one branch 
of the telegraph service in this country, namely, that of the quadru- 
plex system. This falling off in the efficiency is due to disturbances 
caused by the proximity of the wires of electric traction and other 
high-potential systems, and other causes, which appear to impair the 
operation of what is termed the “second” side of the Edison quad- 
ruplex system. Whether these causes of impaired efficiency will be 
overcome remains for the future to determine. 


After all, the progress of electrical telegraphy in the past 30 years 
will perhaps best be shown by a comparison of the amount of wire 
then in operation for telegraph purposes, and by the number of mes- 
sages then annually transmitted, with the mileage of telegraph wire 
now in use and the number of telegraph messages now transmitted 
annually. In 1874 there were perhaps not more than 150,000 miles 
of telegraph wire in this country; to-day there are over 1,000,000 miles 
of such wire in service, a large portion of which is either duplexed 
or quadruplexed. Thirty years ago not more than twelve or fifteen 
million telegraph messages were annually transmitted over the tele- 
graph wires of the world. Now probably over 300,000,000 of messages 
of all classes are transmitted every year. This large volume of busi- 
ness is the more noticeable when the amazing growth of the telephone 
service is considered, and one is led to wonder what the extent of the 
telegraph service might have been had the telephone not appeared on 
the scene; for, while in many cases the telephone acts as a feeder 
for the telegraph, it is idle to pretend that the former does not in 
multitudes of instances take business that would otherwise have gone 
to the telegraph. In connection with the number of messages handled 


by telegraph, it may also be pointed out that within the last 15 or 20 
vears many of the largest users of the telegraph in this country have 
leased wires from the telegraph and telephone companies for private 
use, over which wires hundreds of thousands of messages are trans 


nitted which do not appear in the public record as business transacted 
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A record of the progress of telegraphy, however brief, could not, 
of course, be complete without reference to wireless telegraphy, the 
advent of which within the past five years has excited more popular 
interest than any means of transmitting intelligence to a distance that 
has been evolved within half a century. That art is now feeling its 
way and it will probably soon reach a substantial basis. Thus far 
many of the promises concerning its scope have not been fulfilled. It 
has hitherto fallen far short of providing transatlantic telegraphy, 
but its field of usefulness as a means of communication between 
vessels at sea and between vessels and the mainland is enlarging daily. 
Already it has demonstrated its value in many important instances, 
and with its increasing application to a larger number of vessels, ‘to 
lighthouses, lightships, etc., its utility will be at least proportionately 
enhanced. 





Fads in Engineering Practice. 





By S. T. Dopp. 


T is generally understood that engineering practice is dictated by 
5 engineering formulas, or practical commercial and financial con- 
siderations, and it might be supposed to be free from those waves 
of sentiment which often control masses of men in politics or religion, 
or which we call fads when we encounter them in the region of art 
and literature. It is very interesting to note, however, that the de- 
velopment of engineering practice is often accompanied by sudden 
revulsions which are not always guided by the best engineering con- 
siderations. 

An instance of such revulsions is seen in the sudden demand dur- 
ing the last year for turbo-generators. Less than two years ago 
the discussion of a paper before the American Street Railway As- 
sociation at Detroit, showed that there was a general timidity among 
operating men, as well as engineers, in regard to accepting the turbo- 
generator as a suitable unit for railway and power work. Engineers 
have not, up to the present time, had a very wide experience with 
turbines under fluctuating power loads, but the engineering profes- 
sion in genéral seems to have gone to the other extreme in its accept- 
ance of the turbine as a satisfactory and final form of prime-mover. 

A representative of one of the large manufacturing concerns said 
to the writer the other day: “The country has gone turbo-crazy and 
hardly any consulting engineer dares to advocate reciprocating en- 
gines for fear he would be considered behind the times.” While 
all the experience we have had up to date seems to indicate that the 
claims of advocates of the turbine are fairly borne out by practice, 
it hardly seems that this experience is sufficient to justify the sudden 
unanimous and overwhelming relegation of the reciprocating engine 
to the realm of out-of-date apparatus which the present tendency 
would seem to indicate. 

Another fad which is based on still less valid considerations is 
the demand for increased sizes of cars on interurban electric roads. 
Ten years ago the first interurban cars on the Akron, Bedford & 
Cleveland Railroad weighed about 19 tons loaded, and had a seating 
capacity of 40 passengers. .Since that time the technical press has been 
continually advocating. the advisability of operating interurban roads 
along the lines of steam railroad practice, and some managers appear 
to have understood this as an adyocacy of steam railroad cars for in- 
terurban railway service. 

At any rate, we have noted, from time to time, in manufacturers’ 
notices or descriptions of new roads, the increasing size of cars. 
The greed for greater seating capacity has increased the length of 
the cars to 45, 50 or even 60 ft. over all, the increase of weight of 
body necessary for rigidity, the introduction of hot-water heaters, 
air brakes, multiple-unit control, and the various paraphernalia of 
modern equipment has forced larger sizes of motors, greater weights 
of trucks and size of axles, and finally those of us who are consery- 
atively inclined doubt very seriously whether, excepting in an adver- 
tising sense, the increased earning capacity of a 50-ton interurban car 
driven over tracks at 60 miles an hour with 500-hp of motors under 
it really justifies the increased first cost of the equipment, or the in- 
creased watt-hours per passenger carried, which are necessary to 
operate it under the conditions of grades and stops which we have 
to encounter 

It is refreshing occasionally to meet, as the writer did recently, 
a sane railway manager, who admits that his new interurbans are 
not proving the money-earners that he had expected; that his road 
has built up the resident population along his line; that with his 
increased stops he finds it pays him to reserve his new cars for 
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limited and special runs, while he operates his old cars on the reg- 
ular runs, and who says that when he is next in the market for 
equipments, he will go back to smaller cars and equipments with 
which he can make his frequent stops and keep his schedule without 
forcing the excessive fluctuations of loads on his power house and 
sub-stations which his new cars are demanding. 


The writer believes that the modern demand for large size and 
excessive speeds of interurban electric cars is in the great majority 
of instances a fad which is not justified by considerations of econ- 
omy or good engineering. One of the most annoying features of 
this development is the tendency of unscrupulous or ignorant pro- 
moters of new electric railway propositions to fill their prospectuses 
with specious arguments based on apparently accurate data of exist- 
ing roads. Our reputable engineers are called on continually to 
combat such projects which show an earning power based on cars 
nearly equal in weight to Pullman sleepers running at speeds which 
are an engineering impossibility with any reasonable stops and grades, 
while the capacity of the equipment, the first cost and-operating ex- 
penses are figured on the basis of existing roads operating cars of 
medium weights at reasonable speeds and giving satisfactory service 
to the territory they serve. 

To-day we are confronted by the promise of a new fad. Any one 
who is familiar with the electric railway situation in the Middle 
West cannot fail to be impressed that the widespread interest which 
has been excited by the alternating-current motor. Speculation is 
rife among engineers as to whether we have not arrived with it at 
the solution of voltage limitations and distribution troubles inci- 
dental to our present practice on suburban and even on city lines. 
It is seriously questioned whether it would not pay to scrap exist- 
ing apparatus and replace it with alternating-current railway equip- 
ment. The writer does not wish to be understood as saying that there 
is not a great field for the alternating-current, single-phase railway 
motor, or that the field which it will open will not be one that is as 
yet practically untouched by electric railway apparatus; but he does 
seriously question whether, except in special instances, existing elec- 
tric roads could be advantageously improved in economy by the 
substitution of alternating-current equipments for their present ap- 
paratus. Electrical apparatus, like the rest of mankind, “is of a few 
days and full of trouble,” and whether the maintenance and operating 
expense of alternating equipments will be less than direct-current 
equipments can only be decided by extensive experiments. 

In the meanwhile, the time is now ripe for a careful conservative 
discussion of the engineering, commercial and financial questions 
bearing on the advantages and disadvantages of alternating-current 
railway equipments on interurban roads running over highway or 
private right-of-way, as we know them to-day. As the writer sees 
the situation, such a discussion at the present time and a clear un- 
derstanding of the principles involved would save in the near future 
a considerable investment in costly experimentation on some propo- 
sitions, the result of which, on general principles, might have been 
expected beforehand. 





Expansion and Changes of Electric Light and Power 
Systems. 


By Atton D. AbDAMs. 


XPANSION of electric systems has been accompanied by con- 
E stant changes in the character and relation of station equip- 
ments and the connected loads. Perhaps none of these changes 

have been more ‘notable than those in the relations of connected loads 
to station capacities and operation. During the first decade of electric 
lighting from public systems the combined capacity of street lamps 
and commercial lamps and motors was generally less than the ca- 
pacity of the generating apparatus in stations to which they were 
connected. This condition continued up to about 1890, but since 
that year the lamps and motors supplied with energy from public 
electric systems have shown an almost constantly increasing excess 
of capacity over that of the generating stations to which they are 
connected. An illustration of this fact is found in the figures for 
total generating and connected capacities in the electric lighting 
systems of Massachusetts in each year, from 1888 to 1900. On June 
30, 1888, the total capacity of dynamos in all the electric lighting sta- 
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tions of Massachusetts was 6,842 kw, and on the same date the lamps 
and electric motors of all sorts connected to these stations had a 
combined capacity of 6,117 kw. Twelve years later, on June 30, 1900, 
the generating capacity of the stations had increased to 68,941 kw, 
or to 10 times the like capacity for the earlier year. 

During the same period the combined capacity of .lamps and 
motors supplied from these stations rose to 96,650 kw, or 15.8 times 
the connected capacity in 1888. The total capacity of connected ap- 
paratus was 89.40 per cent. of the station capacity in 1888, but every 
subsequent year showed an increase of this per cent. and it stood at 
140.19 in 1900. In 1888 the maximum load of electrical supply sta- 
tions might well be the entire connected load of the systems, and as 
a matter of fact this was often substantially the case. In 1900 a little 
more than two-thirds of the capacity in lamps and motors connected 
to the systems was sufficient to tax the generating equipments to 
their full rating. For example, see the following table: 

Kilowatt capacities of dynamos and connected loads of lamps and 
motors for electrical supply stations in Massachusetts: 


Per cent. of 
Capacities lamp and motor 


Year of Dynamo of lamps to dynamo 
June 30. capacities. and motors. capacities. 
SD in debate tae ee kha eed V0 a heeaner ens 6,842 6,117 89.40 
, PETePe PEPER E Ree Tere ES re 10,074 9,599 95.28 
SO 0090.50 9805 250.08 4 Wawa een wea 15,244 14,458 94.84 
BOGE Ve PE CSTE DEON CRT ET EISEN OSD 18,593 20,441 109.93 
FEE 604 cde US a RIDER OR TOs US SERS SD 21,188 25,701 121.30 
SOE 6s eS re ON Sew Sed OR 8 8 Vem 26,953 30,178 111.96 
EEE E CETECE OER TEE Te 31,749 38,522 121.33 
SEOR 20950 06450 6 VERA COC eed ative 33,256 44,592 134.090 
SOUS PCS CET SERN EIEN EN NORE a Oe HUE 40,226 54,850 136.35 
FOE 6.00 405:35 cho 6 he ev eee FAD EE 45,461 64,501 141.88 
eee eee reer eee re 50,490 73,028 144.63 
SOD xhid vise bcc 0ks dave ees usa ee ees 63,020 83,943 133.20 
BO CSAC isliecne tiene ere Veen er alae 68,941 96,650 140.19 


The great increase of capacity in connected loads compared with 
dynamo capacities has been made possible mainly by three important 
factors. These are storage batteries, residence lighting and motor 
loads. Storage batteries have operated directly to cut down the 
required capacities of dynamos by carrying a considerable portion 
of the maximum load. The ultimate effect of storage batteries has 
obviously been to lengthen the hours of daily and yearly operation 
for generating apparatus. What storage batteries have done indi- 
rectly, residence lighting and motor loads have done directly by de- 
mands for energy at times of day when street and business lighting 
was not required. The increase of average electrical loads since 1888 
has probably not been as rapid as the rise of connected loads. This 
conclusion follows because lamps in residences are in use a smaller 
average number of hours daily than lamps in business houses, and 
from the fact that electric motors, though often operated more hours 
per day than lamps, often run on loads much below their rated ca- 
pacities. Maximum loads find their limits not in connected lamps 
and motors, during recent years, but in the capacities of station 
dynamos and storage batteries. In 1888 the capacity of all connected 
lamps and motors was less by 10 per cent. than that of the station 
dynamos by which they were supplied. In 1900 these lamps and 
motors had a capacity 40 per cent. greater than that of station 
dynamos. 

Storage batteries had not begun to play their part in electrical 
supply to any considerable extent in 1888, and dynamos alone rep- 
resented the entire capacity of stations. To have given electric sta- 
tions capacities the same relation to connected loads in 1900 that they 
had in 1888, these capacities must have stood at 108,109 kw in the 
later year. This could have been done with storage batteries capable 
of discharging during a period of two to three hours at the rate of 
39,168 kw, but the capacity of the batteries actually in use seems to 
have been much below these figures. Though the increase of average 
loads has fallen behind that of connected loads, it may well have 
exceeded the rise of maximum loads as indicated by battery and 
dynamo capacities. 

Within electric stations changes have been going on not less marked 
than the relation of dynamo capacities to outside loads. From 1888 
to 1894 the number of engines in the stations of electric lighting sys 
tems rose with the sum of their capacities, though not at so rapid 
arate. This was the era of comparatively small high-speed engines, 
each belted to one or two dynamos. During these six years the 
number of engines rose from 149 to 347, or to 2.3 times that of the 
former year. Meantime engine capacities went up from 11,515 to 
54,729 hp, or 4.7 times the earlier capacity. At the beginning of this 
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period the average rating of each engine was 77 hp, and in 1894 this 
rating stood at 157 hp. In other words, not only the number of 
engines, but also their average horse-power more than doubled be- 
tween 1888 and 1894. Beginning with 1895 a marked change in the 
engine situation set in. In this year the number of engines showed 
a decline for the first time during the entire period, though there 
was a small increase of capacity. This effect was probably due in 
large part to the introduction of comparatively large engines direct- 
connected to their dynamos. In 1895 the number of engines in 
electric lighting stations throughout the State was 319, and stood at 
343 in 1900, having touched its highest point, of 352, in 1899. Mean- 
time, the total horse-power of these engines went up from 55,548 in 
the earlier to 80,115 in the latter year. This increase of engine ca- 
pacity carried the average horse-power per engine up from 174 in 
1895, to 248 in 1900. During the twelve years between 1888 and 1900 
the number of engines was multiplied by 2.3, the average horse-power 
by 3.2, and the total horse-power by nearly 7. Dynamos in electric 
lighting stations began to decline as to numbers after 1893 and again 
after 1897, having gained nearly 50 per cent. between these years. 
In 1897 the figures for dynamos had advanced to 975 from 348, in 
1888, but by 1900 this maximum had fallen to 827. Total dynamo 
capacities exhibit an unbroken advance from 1888 to 1900, and this 
is also true of average capacities, except for the years of 1896 and 
1897. 

Numbers and capacities of engines in private electric lighting sta- 
tions of Massachusetts : 


Total Average 
Year of Number horse-power horse-power 
June 30. of engines. of engines. of engines. 
Sa haaw 8a vi bg 28 aes «50h eae 149 11,515 77.2 
SN Seer ers eesea ns _ $40 Mawes: Se 18,752 94.2 
Ai ead kee ae wa E Oo od CREM ES 254 27,199 107.0 
| PEPere error re ew atte ttadsecves | ee 34.453 123.0 
Se ree ere atte bale ties Chakarn 41,499 134.3 
REP PTR LN ECT TREE PEP CCIE TEC Te 333 50,739 152.3 
BE. oir tard als. eUARNSA Ye vee rha au oe a. wae 54,729 157-7 
hand £ ase W Wd See ae-Os Sick Hee ae awels 319 55,548 174.1 
SE, 6. aWar y ba Ss ted ON oo eeneke eee ese 325 60,868 187.1 
DOE, aS Geck A'S wi aS aie Foe dS AOE Ouse OE AW B08 340 64,527 189.8 
DN Aiba Aue Vek es te es eee retcretek 348 66,468 191.0 
ree Ons Worker a wtb aided 5 sewn acne 352 77,439 219.9 
Pd aw 6a Seeker re Ne ee Von's wk eee 343 80,115 248.1 


From 1888 to 1900 the number of dynamos grew from 348 to 827, 
or to 2.4 times the former figure. Meantime, average dynamo ca- 
pacity was multiplied 4.3 times, and total capacity of dynamos in 
lighting stations ten times. As in the case of engines, the reduction 
in the total number of dynamos, in spite of rapidly rising combined 
capacity, was largely due to the substitution of direct-connected for 
smaller belted units. In dynamos and engines now used to carry 
much the greater part of lighting and stationary motor loads, the 
reduction of numbers has been much greater, and the increase of 
average capacities more marked than the table indicates. This fact 
results from a practice by which, when large direct-connected units 
are installed, the smaller engines and dynamos formerly used are 
retained for occasional service. 

Numbers and capacities of dynamos in private electric lighting 


stations: 


Total Average 
Year of Number kilowatts kilowatts 
June 30. of dynamos. of dynamos. of dynamos. 
| 2 ; er --. 348 6,842 19.6 
Se ee See eae 458 10,074 22.0 
1890 .... ; oe 635 15,244 24.0 
1891 .. wi . 647 18,593 28.7 
1892 .. se Pe re 723 21,188 29.3 
1893 . *% Cate 846 26,953 31.8 
RE Sous << bese sate wb) 31,749 48.2 
| BAe Peat ats 669 33,256 49.7 
1896 . a ees ‘aes 250. ee 40,226 49.3 
| RP ee peas TAPS ER h ASE ET 075 45,461 46.6 
Se ea di:5 : 5 aa! 50,490 56.6 
1899 . ‘ ; . 889 63,020 70.9 
1900 .. : ; : verre. 68,941 83.3 


An extreme illustration of this point may be noted in the case of 
the Boston Edison Company. For the year of 1900 this company 
had in its stations 38 engines and 76 dynamos. As a matter of 
operation, however, all except a very small part of the energy output 
of the company during that year was developed at one of its stations 
by 7 engines and 12 direc*-connected dynamos. Two marked changes 
took place between 1888 and 1900 in the ratio of total dynamo to 
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total engine capacities. To bring out these changes the kilowatts 
of total dynamo capacity in each year are reduced to horse-power by 
division with the factor 0.746. Comparing the horse-power capacities 
of engines and dynamos for the year of 1888, it seems that the latter 
was only 79.6 per cent. of the former. 

The ratio of dynamo to engine capacity fell from the figure just 
named to 68.4 per cent., in 1892; from this point it rapidly rose to 
115.3 per cent. in 1900. These changes have, no doubt, had an im- 
portant influence on the efficiencies of electric stations. At best, 
dynamos must operate during quite a portion of their running time 
on much less than full loads, and this is especially true when few, 
if any, storage batteries are in use as was the case in 1888 to 1892. 
If dynamos at full load require only 68.4 per cent. of the rated 
capacities of their engines, these dynamos on their actual average 
loads probably require much less than one-half of the power than 
engines can deliver when working at their points of highest efficiency. 

A result of these conditions can hardly fail to be a low efficiency 
of operation. The marked rise in the ratio of dynamo to engine ca- 
pacities since 1892 has been mainly due to two causes: the extended 
use of water power with electric stations, and a better proportion of 
dynamo to engine ratings. Since the year just named, the proportion 
of dynamo to engine ratings has increased by (115.3 — 68.4) + 68.4 
= 68 per cent. While a part of this increase has been due to the 
extended application of water power, it seems that a still larger part 
is the result of better proportions between engines and their driven 
dynamos. It might be expected that the gradual substitution of large 
direct-connected units for belt-driven dynamos would work a reduc- 
tion in the ratio of dynamo to engine numbers. 

Ratio of dynamo numbers and capacity to engine numbers and 
capacity : 


Horse- Average 
power Per cent. number 
Year of of all of dynamosto dynamos to 
June 30. dynamos. engine capacity. each engine. 
ita tot essa hc Se ee ee ee 9,171 79.6 2.3 
WE? oF eicta steers vaca es arte sees SR Sa ee Slee 13,504 72.0 2.3 
BD Soe pee eR area sin: San ee maee ees 20.434 75.1 2.5 
ED Veta tsls.o eee ehes bale, de retell pw eee 24,923 72.3 2.3 
RE Cole, bahia 08 olan euniersics Sit ex ra A Oe 28,402 68.4 2.3 
RE SG FEV eer a a dc wa eda perenne ate 36,130 71.1 2.5 
ie BaP AHS HE Sat See ee wan se Se ee Nis 42,55 77-7 to se 
NCE Gistiareiesir ooo ek CE KET OTR SEO OEE 445579 80.2 2.1 
Os she cans gis wie Gis Sv eidea ee o/b ae 53,922 88.5 2.5 
| ROARS OCR REE ee Cero ie tT 60,403 93-6 2.8 
RN crete Gee oia-o: a ba Orb a SS bd es EES ws 67,680 101.8 2.5 
Sag eS Saeed kW ek eRe eer es 84,477 109.0 2.5 
WE seh pue nie v ics fea ba wisiowtialss pope aare 92,414 115.3 2.4 


The retention of old machines, however, has held the ratio of 
dynamos to engines between 1.9 and 2.8. 

Changes in the relative capacities of arc lamps, incandescent lamps 
and motors that went to make up the total connected loads have been 
second in importance only to the combined increase of these loads. 
In 1888 the capacity of loads connected to electric lighting stations 
was 2,631 kw for arc lamps, 2,872 kw for incandescent lamps, and 614 
kw for motors. Are lamps thus represented 43 per cent., incan- 
descent lamps 46.9 per cent., and motors 10 per cent. of the total con- 
nected capacity. In marked contrast with these figures, the total 
connected load for 1900 was made up as to capacity of 9.6 per cent. 
in arc lamps, 62.2 per cent. in incandescent lamps, and 28 per cent. 


in motors. 


Kilowatts of connected lamps and motors in each year: 


Total Total for Total 
Year of for arc incandescent for 
June 30. lamps. lamps. motors. 
ee : Pe ae Oe 2631 2,871 614 
SINE ab. obs 8 ke Resi 09 CU RP EM OHS. CRE SES 3530 4,646 1,422 
NS noc chee Oe aes om are iw ate wikee Rares 3999 75735 2,723 
| ee cere PRS eaeS she cs ae RAE ear -. 4747 10,443 5,250 
PD sein Oar ocd Ow aoe a ee Oe ohn iene SOae 14,577 5,485 
Pe a oy ah oon Seok Beas arene ate 6233 17,097 6,848 
SR eels nase sae 4a ore Re a ee 6640 22,937 8,944 
PER CCE TT TO ER OL eee 6925 26,742 10,924 
SD Sasiskaas sate perkan Like Cteie cease acets 7485 33435 13,930 
(1 ee Gago LESS AICA UR aS ~« utr 40,371 16,318 
eG eascerkt Rad MK ee ee 7938 46.159 18,930 
atta ieaaid et tk ares Pe ROE OS Oe 8501 52,702 22,740 
Es eink Wis 691s oa a bags Oe a Be bw Re 9342 60,175 27,133 


During the twelve years in question, the total connected load grew 
to 15.6 times, the arc load to 3.5 times, the incandescent load to 


20.9 times and the motor load to 44.1 times that at the beginning. 
For the year of 1900 arc lamps represented only 0.22 times, while 
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incandescent lamps had 1.3 times and motors 2.8 times their per 
cent. of total connected capacity in 1888. Between 1888 and 1900 
arc lamps lost 33.4 per cent. of connected load capacity. Of this 
loss, incandescent lamps gained 15.3 per cent. and motors 18 per 
cent. of the total connected capacity. Arc lamps show an uninter- 
rupted decline in their share of the total load capacity during the 
entire period. Incandescent lamp capacities either gained or held 
their own up to 1898, except for the year of 1891. 

Per cent. of total load capacity in arc lamps, incandescent lamps 
and motors for each year: 


Per cent. Per cent. Per cent. 
Year of in inare incandescent 
June 30. motors. lamps. lamps. 
eee et eres s ee Pe ee eee eee 10.0 43.0 46.9 
Pere re eer ee re ee Pees Cee re 14.8 36.7 48.4 
SG “20s OSCR CLT OTST PROT RRO eee CeD 18.8 27.6 53-5 
SE “vn aVhtS VSS OR 04a AW ce UIENV AV TedW ERS Ca 25.6 23.2 51.0 
CONE 24kbbTR eet e eevee ny Oe UA dee ed Soe eee 21.3 21.9 56.7 
BEE. VSN CaC bree SEARS CRATES CS ONO S Eaees 22.6 20.6 56.6 
POs hak Spe Shore) 04,0 rr we ele 6 ote alas 23.2 17.2 59.5 
BGS anc dd be dae O aay cde bee eRe eee wee Bourn 24.4 15.5 59.9 
TOO. a6 ORNS aos) 686 d-O5 eT OREO Se ROE TeS 25.3 13.6 60.9 
See. Ships tia wer heer aes ves Cheeses wae zee 25.2 12.1 62.5 
da Fa KONA wae 1h AROS VOCE Pea ON SES 25.9 10.8 63.2 
eT Reet ee eT eee a ELL ee Te 27.0 10.1 62.7 
a MR ERIE CRPLCL CCE PRE CEE ere 28.0 9.6 62.2 


Since 1898 incandescent lamps have lost 1 per cent. in their ratio 
to total connected capacity. In contrast with arc lamps, electric 
motors show a continuous rise in their per cent. of total connected 
capacity for every year, save 1892 and 1897. During the four years 
between 1888 and 1892 the ratio of arc lamps to total load capacity 
was reduced one-half, the like ratio for electric motors more than 
doubled, and incandescent lamps gained 10 per cent. on total capacity. 
In 1888 the capacity of connected incandescent lamps was a little 
greater than that of arcs, and nearly five times the capacity of 
motors. In 1900 arc lamps supplied less than one-sixth, and motors 
a little under one-half as much of the connected load as incandescent 
lamps. 


In 1894 the capacity of incandescent lamps and motors connected 
to electric stations was 31,881 kw, while the total dynamo capacity 
was 31,749, so the connected load exceeded the generating capacity 
at stations by more than the 6,640 kw of arc lamps. By the middle 
of 1895 the connected load exceeded the dynamo capacity by more 
than the kilowatts of connected motors. For all except one of the 
five following years the sum of capacities of are and incandescent 
lamps has been greater than the dynamo capacity. In 1900 the excess 
of connected loads over dynamo capacities was 27,709 kw. The 
existence of these facts brings out strongly the tendency during 
the decade to broaden out the loads of electrical systems over a 
larger part of each day. 

Differences of kilowatt capacities of connected lamps and motors 
and the capacities of dynamos at electric stations: 


Kilowatts Kilowatts 
Year of excess of excess 
June 30. connected load. of dynamos. 
PE Saw ksN se eee bese ha Ne avadl nau awnkasuey eh. ane ere 725 
Se as Ne Ae ae oe Sara AS 84 ack RRR e ae Ao ad Wheat eauevais 475 
ON Pee CaN Oe eRe eee rT eR IOI ree jek 786 
DE ana Seas ewer r ik Rae ahd < 5a eelsOd else Meade . 1,848 
SN) as RS FCSN a eR AW EO ONSEN ups WERE aE 4,513 
REN ody aa ee acdnatahe ay eek ae Wo Rae Lk ae eee ee walees 3,225 
PE SCG SPO CEM TE TREE Lele OCS NEO RSF eR SS cp URE ES A 6,773 
PEE oa e ee CARRERAS OTET DOES SR Sw dt AERO ORS ORS 11,336 
BN areas a OO Mees Agia pie Me dine eats pee aaa aac ale 14,624 
Be ia ans Ar Sk sae ba FES ak 2d eke eee Mae eee ual 19,040 
ROE Vauieg ace akinia Gas GaAs ieee oR Gale Wee aeae see 22,538 
SM: crop 6 <a SS se Ha CSR Le ea ae Re ae 20,923 
EGO osc h6e%s5 eben WEN EPR AUE SS RG Os ARE EAE aS oes 27,709 


That there was great expansion in the amount of electrical service 
during the period under consideration is certain; but it is no easy 
matter to determine just how much the sales of electrical energy 
went up. Measured by total energy income, electrical service in- 
creased from a value of $1,908,394 in 1800 to $5,622,556.43 in 1900, 
or to 2.94 times the former amount. This increase of income, how- 
ever, cannot be taken as a true measure of the rise in amount of 
electrical energy supplied, because, as has been shown elsewhere, 
there was a consiedrable decline of prices during the decade. If, 
on the other hand, the kilowatts of connected capacity in lamps and 
motors are taken as a direct measure of the energy supplied in each 
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year, the result will be in error, because the yearly output of energy 
per unit of connected capacity in lamps and motors has declined 
during the period. Since prices for electrical energy have declined, 
the increase of energy sold must be greater than the increase of 
energy income. It follows that the sales of energy in 1900 were more 
than 2.94 times the like sales in 1890. The kilowatt capacity of 
all connected lamps and motors was 6.68 times as great in 1900 as 
in 1890, but the ratio of energy outputs must have been somewhat 
less than this number for these two years. It thus seems clear that 
the kilowatt-hours sold by electric lighting systems were somewhere 
between 2.94 times and 6.68 times as great in 1900 as they were in 
1890. With constant prices per kilowatt-hour, the income per kilo- 
watt capacity of connected lamps and motors would vary directly 
with the number of hours of yearly service for each connected unit 
at its full capacity. As prices have, in fact, been falling, the hours 
of yearly service for each unit of connected capacity have not de- 
creased as fast as the income per unit of this capacity. In 1890 the 
energy income of electrical systems was $131.99 per unit of capacity 
in connected lamps and motors, but for 1900 this income fell to 
$58.17, or 0.44 of the like income in the former year. From this it 
appears that the average yearly hours of service for each kilowatt 
of connected capacity were more than 0.44 times as great in 1900 
as in 1890. 

Income from sales of electrical energy per kilowatt of capacity in 
connected lamps and motors: 


Total Income 
Year of energy per kilowatt 
June 30. income. capacity. 
METER TT CT SCEPC oe Tr .. $1,908,394.00 $131.99 
PD = Saat OR 8 Wie Wawa sew pw Siels bielsielne Ob as a) Ole 2,432,869.15 119.01 
Ls PREP ELEC See eI es Pee ee Ce 2,947,199.64 114.65 
.  : PERRET ETRE REECE EARLE SET E PURE EA 3,427,576.84 113.59 
EE ee te ee eee eee ree Te re a 3,693,056.92 95.86 
SE GAs Dine oak RENN S EUS eee eres 3,794,060.41 85.08 
MB SSAMSOCk Stee ere ete eer ore re ree ere 4.148,681.71 75-63 
BS ec Reales ida Fae eoea bn a bck na ede was na ere ere 4.467,146.60 69.25 
TEQS once cscs cccccrccsccecerscsevsoveseeres 45775.316.07 65.39 
ere ee Te ee ree er rrr eT er ee ee eee ee 5,046,412.75 60.11 
ULCER SERRE TERT ET ECC Re TEC TLE TL 5,622,556.43 58.17 


Energy income per kilowatt capacity of arc lamps, of incandescent 
lamps and of motors, connected to electrical supply systems: 


Income Income for 
Year of for arc incandescent Income for 
June 30. lamps. lamps. motors. 
SUN Se 3s ssvseis sg: kD ard oe ote die KA aioe $226.15 $57.98 $37-13 
SOME: “ein: xine iad WO 540 Sire ON EA Aw Te eee 224.66 52.54 36.20 
SE. ea cS ae eace Nh BOs oak sak Valea ears 228.30 50.39 33-64 
SO a Rika Se es ORNs aes ee ot eho 212.68 47-64 31.98 
a ET CR RT CT Lee eee eR Ter LT er ee 199.90 48.46 30.90 


Arc lamps, incandescent lamps and motors show widely different 
yearly incomes per kilowatt of their connected capacities. In 1896 
the $226.15 received for each kilowatt of capacity in arc lamps was 
3.9 times the $57.98 received per like capacity in incandescent lamps, 
and 6.1 times the $37.13 received for each kilowatt of connected 
motors. 

For the year of 1900, when one kilowatt of capacity in arc lamps 
earned $199.90, the same capacity in connected incandescent lamps 
earned $48.46, or 28.2 per cent. of the amount received from arcs, 
while one kilowatt of connected motor capacity brought an average 
income of only $30.90, or 15.4 per cent. of the income from the same 
capacity in arcs. The high rate of earning capacity shown for arc 
lamps is, no doubt, due in part to higher prices for this than for 
the other classes of service. A more important reason for the 
higher income per unit of capacity in arcs exists in their longer 
hours of average yearly service, compared with incandescent lamps 
and motors. It should be noted that arc and incandescent lamps 
usually operate at about full capacity when in service, while for 
motors this is not true. Motors usually operate more hours daily 
than do incandescent lamps, but during much of the time carry only 
fractions of their rated loads. It seems probable, however, that the 
hours of service for motors, reduced to terms of full rated load, 
would probably be as great in number as the hours for incandescent 
lamps. To compute the capacities of the electric lamps here con- 
sidered, 60 watts are allowed for each commercial incandescent lamp, 
90 watts for each incandescent street lamp and 400 watts for each arc 
lamp of any sort, in every year. It is believed that these factors 
are sufficiently near the truth to warrant the foregoing conclusions 
as to kilowatts of capacity in connected loads. 
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Thirty Years of Telegraphy and Allied Arts. 


By Francis W. Jones. 

The achievements of brains, capital and labor in the domain of 
electricity, to which subject this journal has been devoted for thirty 
years, would be impossible to review even as a condensed summary 
in a single special number of it, unless it were unduly enlarged to 
the proportions of a library. Such a complete review, however, is 
unnecessary, as the ELectricAL WorLD AND ENGINEER during this 
period is accessible, and its records of passing events have been very 
full and accurate. These records have had much more than a 
passive value; they have been continuously most potent aids and 
stimulants to its readers who were employed in the application of 
electricity to some useful purpose, and invaluable to teachers en- 
gaged in imparting correct information to pupils. It is only by 
comparison that an idea is formed of dimensions, and no doubt its 
review will bring into bold relief the astounding developments of 
the thirty pregnant years during which it has been our good fortune 
to live. 

At the time this journal started, electricity was only utilized for 
telegraphy, fire alarm systems and for house bells. True, that up 
to 1874, sporadic attempts had been made to establish an electric light, 
dating back to Volta’s great invention of the Voltaic battery, notably 
by Deleuil and Archereau in 1841, Dubosq, 1846, Staite, 1847, Cassag- 
nes and Thiers, 1855, and last, but no least, Gramme in 1870; but 
at that time it had not doffed its swaddling clothes. The ExecrricaL 
Wor_p AND ENGINEER has had the privilege to record many notable 
inventions. 

In 1874 there had been laid, in various countries, 215 cables of a 
total of 47,000 miles. Many were unworkable. Now there are 
266,153 statute miles of working deep-sea cables, and the speed of 
transmission which, in 1874 was about 15 words per minute through 
an Atlantic cable, has now reached 47.4 words per minute over the 
Anglo 1894 cable 2,132 miles long, and 40 words per minute over the 
Commercial’s 1894 cable 2,491 miles long. These number of words 
per minute have been more than doubled by use of the duplex upon 
each of the cables named; the duplex (which was introduced since 
1874) being able to more than double the speed, because no switches 
have to be turned nor keys opened, and the readable character of 
the signals greatly improved by the employment of automatic trans- 
mission. 


In this country, the growth of the telegraph during thirty years 
cannot be accurately stated. The Western Union Telegraph Com- 
pany in 1874 had 175,735 miles of land wires, in addition to which 
were a few thousand miles of wires owned by railroads and small 
competing companies. In 1904 there are over 1,400,000 miles of 
aerial wires, not including railroads, devoted to commercial use in 
the United States. 


In 1877 the telephone began its development, which has been phe- 
nomenal, and it has practically supplanted the telegraph in all urban 
communication, besides creating a tremendous business of its own, 
both urban and interurban, peculiar to its extreme simplicity and 
absence of skill in operation. 


Notwithstanding the introduction of the telephone into the field 
of telegraphy in 1877 in this country, the mileage of telegraph wires 
has grown 1,200,000 miles, with an increase in ordinary telegrams of 
about 50 millions. Great improvement has been effected in the char- 
acter and stability of poles, fixtures and wires, until now the cutting 
off of the principal commercial cities from each other by storms is 
rarely experienced, whereas, thirty years ago, it was a frequent oc- 
currence for the telegraph company to forward large packages of 
delayed telegrams by train to points beyond the breaks caused by 
winds and sleets. 

The development of Edison’s quadruplex system, which is largely 
used, Baudot’s and Delany’s multiplex synchronous systems for land 
wires, are notable matters of record. These systems afford the pres- 
ent maximum traffic possibilities over a single wire, unless we ex- 
cept the older automatic system of Wheatstone, which has only a 
limited use both here and abroad. Gradual and important improve- 
ments have been made in all classes of apparatus, in wiring and 
switching systems. 

No imagination can picture what this journal will record in 1924, 
on the occasion of its semi-centennial celebration or jubilee. 

I have not alluded to the birth of the Edison phonograph, the first 
public exhibition of which I had the honor to make at 455 Madison 
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Street, Chicago, from July 3 to 9, 1878, and then in the other largest 
Illinois cities; nor of the Edison incandescent lamp and the won- 
derful system of distribution developed at Menlo Park in 1879 and 
the early part of 1880. I had the honor also of being the expert 
employed by the syndicate of capitalists behind Edison in the early 
fall of 1880, to advise them if the lamp, with the carbonized cotton 
filament, would probably warrant them putting up money to go into 
competition with gas. Although my hunible advice was favorable, 
I confess I had no dream that within twenty-four years the lamps 
would outnumber the stars over the entire civilized globe. Not 
even such a thing was foreshadowed in the then current numbers 


of this journal. 





The Diversity of Electrical Development. 





By ScHUYLER SKAATS WHEELER. 

It is not possible, in my opinion, to point out any one event ot 
special separate importance connected with the electrical develop- 
ments during the last thirty years, which is the period covered 
by the existence of your journal, inasmuch as so many wonder- 
ful things have been accomplished. In fact, the lifetime of your 
paper covers the entire electrical era. 

I believe that electricity’s wonderful industrial advance is particu- 
larly due to the invention and development of many different things, 
which though entirely dissimilar, have co-operated remarkably in 
stimulating the use each of the other. 

The incandescent lamp, the dynamo, the constant potential sys- 
tem, the motor, the telephone, the telegraph, electric traction, wire- 
less telegraphy, the turbine, the remodeling of all kinds of machinery 
for the use of the motor—who can say which of these has been 
the most important? I believe that each one has been important and 
that all of the others have been promoted by its success. By its 
drawing the public attention to the facilities of electricity, all of 
the others have been promoted by its success. In other words, I 
think that the field of electrical industries is remarkable for the 
extent to which inventions and successes that have nothing to do 
with other inventions have helped the latter by adding to the advance- 
ment of the entire field. 

Our industry has one peculiarity which I think is interesting, 
namely, the remarkable extent to which the layman feels compelled 
to hold aloof from active participation in its practical work, believ- 
ing that he is incapable of coping with so mysterious a subject. The 
fact that the industry as a whole has now become one of the leading 
departments of human endeavor, being one in which immense capi- 
tal and millions of people are employed, makes it general and not 
a limited specialty, and yet all outsiders and many of those actually 
employed by it, feel that they can have very little to do with the 
practical part, a condition which I believe does not exist in any 
other line of work that has reached similar magnitude. On a pinch 
anybody will repair a steam or gas pipe. Who will repair an electric 


wire? 





The Place of the Storage Battery in the Art. 


By CHARLES BLIZARD. 


In response to your kind intimation, I beg to express the opinion 
that the improvements embodied in the storage battery of to-day— 
most largely responsible for the conspicuous position it fills in the 
electrical field, are those which enable it to successfully withstand 
the high rates of discharge and to give satisfactory life and service 
in the hands of attendants who are not battery experts. 

Without the ability to meet sudden excessive demands for power, 
the storage battery could not fill the requirements of several classes 
of application in which it is now prominent; and it would also lose 
much of its value as a reserve. If it could be successfully operated 
only by those who had especially fitted themselves for its care, its 
field would be comparatively limited. 

Not until the storage battery, had fully demonstrated that it pos 
sessed these essentials to success did its use become general. The 
lack of these qualities was the heaviest handicap on the storage bat 
tery of fifteen years ago. 

Improvements recently made in the storage battery will furthe 
increase its life and reduce the amount of attention required. 
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A Review of Twenty-Five Years of Telephony. 


By ARTHUR VAUGHAN Assott, C. E. 

HE latter part of the nineteenth century, and the first quarter 
of the twentieth, may be called the “Age of Transportation,” 
because during this period greater changes in the arts of 

intercommunication have occurred than during ‘any previous epoch. 
These improvements have been accomplished by the aid of elec- 
tricity, and this agent is further responsible for a completely new 
method of intercommunication which has already revolutionized 
modern business, and bids fair to be even a more potent factor in 
the future. This is the art of selling conversational facilities or 
telephony. The EvectricAL WorLpd AND ENGINEER was about two 
and a half years old when at the Centennial Exposition of 1876, the 
telephone was “born.” In the beginning it was regarded as a mere 
mechanical toy, curious perhaps, but of no practical value. To-day, 
in the United States, there are over three million telephone sub- 
scribers, whose daily conversations, over the wire, aggregate twenty 
millions, while the world numbers twice as many more. In the 
business of “conversation traffic” hundreds of millions are invested, 
tens of thousands of employees daily engaged, and thousands of 
companies find their sole occupation. 

Like other enterprises having a scientific basis, there have been 
two phases of development—the engineering aspect, and the commer- 
cial one. From the engineer’s standpoint the invention of the mag- 
neto telephone formed the keystone upon which all subsequent 
development rested, and while too much cannot be said of the 
genius of Professor Graham Bell in solving the problem of the 
electrical transmission of speech, many other inventions were neces- 
sary to render the telephonic systems of to-day possibilities. While 
the magneto proved itself so efficient a receiver that the original 
model survives, it failed as a transmitter, and the second step was the 
invention of the carbon battery transmitter of Edison and others. 
In this electricians broke away from the idea of utilizing the feeble 
energy of vocal sound waves as the source of power, and supplied 
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Tue proprietors of the Telephone, the invention of Alexander Graham Bell, for which ‘patents have been 
issued by the United States and Great Britain, are now prepared to furnish Telephones for the transinission 
of articulate speech through instruments not more than twenty miles apart. Conversation can be easily 
carried on after slight practice and with the occasional repetition of a word or sentence. On first listening to 
the Telephone, though the sound is perfectly audible, the articulation seems to be indistinct; but after a few 
trials the ear becomes accustomed to the peculiar sound and finds little diffeulty in understanding the words. 

The Telephone should be set in a quiet place, where there is no noise which would interrupt ordinary 
conversation. 

The advantages of the Telephone over the Telegraph for local business are 

Ist. That no skilled operator is required, but direct communication may be had by speech without the 
ntervention of a third person 

2d. That the communication is much more rapid, the average number of words transmitted a minute 
by Morse Sounder being from fifteen to twenty, by Telephone from one to two hundred. 

3d. That no expense is required either for its operation, maintenance, or repair. It needs no battery, 
and has no complicated machinery. It is unsurpassed for economy and simplicity 

The Terms for leasing two Telephones for social purposes connecting a dwelling-house with any other 
building will be $20 a year, for business purposes $40 a year, payable semiannually in advance, with the 
cost of expressage from Boston, New York, Cincinnati, Chicago, St. Louis, or San Francisco. The instruments 
will be kept in good working order by the lessors, free of expense, except from injuries resulting from great 
carelessness. 

Seyeral Telephones can be placed on the same line at an additional rental of $10 for each instrument ; 
but the use of more than two én the same line where privacy is required is not advised. Any person within 
ordinary hearing distance can hear the voice calling through the Telephone. If a louder call is required one 
can be furnished for $ 5. 

Telegraph lines will be constructed by the proprietors if desired. The price will vary from $100 to $150 
a mile; any good mechanic can construct a line; No. 9 wire costs 84 cents a pound, 320 pounds to the 
mile; 34 insulators at 25 cents each; the price of poles and setting varies in every locality; stringing wire 
$5 per mile; sundries $10 per mile 

Parties leasing the Telephones incur no expense beyond the annual rental and the repair of the line 
wire. .On the followmg pages are extracts from the Press and other sources relating to the Telephone. 


GARDINER G. HUBBARD. 


Campripor, Masa, May, 1877. 


\For further information and orders address 
THOS. A. WATSON, 109 Covrr Sr., Bostos 





FIRST CIRCULAR EVER ISSUED FOR TELEPHONE BUSINESS. 

(Reduced Fac Simile of Original in Possession of T. C. Martin.) 
the transmitter with a battery, capable of furnishing energy, em- 
ploying the sound waves simply to actuate a releasing mechanism to 
regulate the battery discharge. The use of a battery necessitated some 
means whereby its circuit could be closed and opened whenever the 
telephone was placed in, or out of service. To rely upon a manual 
switch, dependent on the fallible memory of the subscriber, was im- 
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practical and the invention of the “hook switch” made the commer- 
cial use of the battery transmitter poss‘ble. 


The next problem was a sub-station signal, for at best the voice 
of the receiver was too feeble to attract attention. Batteries and 
vibrating bells gave no end of bother, but the “magneto bell” and 
“hand generator’ have proved so satisfactory a solution that no one 
proposes a better. Growing demand showed electricians that the 
time was at hand when the lines of many users must be concentrated 
at a single point. How to quickly and surely interconnect various 
wires became the next question, which was answered by the inven- 
tion of the “spring jack.” From time to time improvements in meth- 
ods of jack manufacture, or economy of space, have arisen, but 
the jack as a piece of apparatus has survived unchanged, nor does 
it seem that the near future will offer any substitute. 

Soon it became impractical to place before a single attendant a 
sufficient number of jacks to care for all lines of even a small terri- 
tory, so section after section of switchboard was required. To 
connect the wires in one with those of another, local circuits were 
devised, but this rendered operating slow and cumbersome. The 
invention of the “multiple switchboard,” whereby the line of every 
subscriber is carried through a multiplicity of jacks so that each 
attendant can reach the line of every one, marked a vital advance. 


For the first decade, the wire plant consisted solely of aerial 
grounded lines of iron wire, but its objectionable magnetic char- 
acteristics, together with rapidly increasing introduction of other 
electrical industries made it imperative to improve the conducting 
system. First came the invention “hard drawn copper wire,” render- 
ing it possible to build open wire lines of much better conductivity, 
having no objectionable magnetic characteristics; and the substitu- 
tion of the complete “metallic circuit” removed inductive difficulties. 
Then came the “paper cable” into whose leaden embrace two or 
three hundred circuits can be packed in a space of four or five 
square inches, and as a sequence the “underground conduit.” 

To economize installation expense several stations were connected 
to a single line, but transmission limits were soon reached, as it was 
impossible to talk through the impedance of the bell magnets. The 
“bridging bell” wound to give too great an impedance to sensibly 
divert the ,high frequencies of voice currents, enabled ringers to be 
placed as shunts and made the “party line” a success. 

For many years, at the central office, the old-fashioned drop 
reigned supreme as the subscriber's signal, but presently the de- 
mand for quicker service required a means more salient, and com- 
pletely automatic, and the “incandescent lamp” and “bridging board” 
replaced the old series multiple. The local battery presented a 
stupendous problem. In Greater New York upwards of a hundred 
thousands stations exist. Consider the task of making eight hun- 
dred thousand or a million battery renewals per ahnum in one 
city. The solution was the “common battery” system, whereby each 
central office supplies electricity for all subscribers. 

With the growth of the art came the demand to talk over greater 
distances. Boston must speak to Chicago and San Francisco; New 
York desires to talk with London, but the electrical characteristics 
of even the most heavily coppered aerial lines place the barrier to 
commercial transmission at about 1,000 miles of open wire, while 
but a fraction of this distance through submarine cable is practical. 
To the electrical engineer there is no such word as “fail,” and the 
“loaded line” in which objectionable inductance is made to counter- 
balance and neutralize equally destructive capacity, has produced 
a circuit whereby even trans-oceanic telephony seems within grasp. 

Turning from the engineering to the business aspect, the sagacit; 
which has constructed the present telephone system is equally 
wonderful. The fundamental patents of the magneto telephone were 
secured by the original Bell Telephone Company, which through 
various organizational permutations and combinations has_ been 
known successively as the American Bell Telephone Company and 
the American Telephone and Telegraph Company. The original 
policy was to control the manufacture of telephonic apparatus, and 
to rent the same to those who desired to use it. So the parent 
company succeeded in building up in nearly all our cities and in 
many European ones, operating corporations whose business it was 
to sell service. As to the policy pursued there may be many, and 
very honest differences of opinion; to err is human. It would be im 
possible to expect such an organization to conduct for a quarter 
of a century its business to the liking of every one, but, however, 
much one may disagree with many of the methods adopted, no one 
can fail to admire the skill and tact which conceived and executed 
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the plan that successfully welded together hundreds of diverse 
organizations. 

It was natural at the outset to adopt the plan of renting telephonic 
instruments, and if the early idea of only leasing them had been 
adhered to, allowing those who obtain them to serve themselves, 
the flat rate charge would be legitimate. But telephone com- 
panies became operators. They not only manufactured apparatus 
but furnished service, so now the supply of apparatus is but a small 
portion of the real business. What the telephone company offers 
is the transportation of intelligence. To charge each subscriber $50 
per year for a telephone is as absurd as for a railway company to 
charge each of its freight customers $1,000 per year for a locomotive. 
One of the most significant steps in telephonic policy is the adoption 
of “measured service,” whereby the subscriber is billed at a certain 
rate for every message transmitted. To-day the unit of charge is 
the call. That this is more equitable than any flat rate system 
is obvious, but it is equally plain that the call is not a true unit. 
It is unfair to charge a man who talks ten minutes the same 
price as one who talks one. It is equally unfair to charge one 
customer the same rate for a message transmitted one mile as is 
made to another who talks ten miles. Toll service early recognized 
this fallacy and toll charges are based both upon mileage and 
time. While to adopt a similar system for ordinary city exchanges 
may tax the ingenuity of the auditor, it is a reform which sooner or 
later will appear. 

Half a dozen years ago the fundamental patents expired, and the 
field became open to all. Stimulated by the success of telephony, 
hosts of inventors and investors hastened to avail themselves of the 
opportunity. Naturally all who had from time to time disagreed 
with the policy of the older company arrayed themselves upon the 
other side; some thousands of “Independent” organizations have 
appeared, and several hundred “Independent” manufacturers of 
apparatus are at work. Within a decade the number of telephonic 
subscribers have been quintupled, of which the “Independents” claim 
about half. 

What of the future? First and foremost is the certainty that the 
enormous growth of the past will continue, though probably at a 
decreasing rate. In the United States there are upwards of twenty 
million families, and at least five million places of business, making 
a total of twenty-five million opportunities to install telephones. Of 
these about one-eighth are now equipped; the others must be provided 
for, and it will tax the resources of manufacturers, operators and 
financiers to do it. 

During early telephonic days the art was entirely experimental. 
It was necessary to expend millions of dollars in learning how 
telephone exchanges should be built. To-day many of lessons have 
been learned, apparatus is rapidly becaming standardized, telephonic 
engineers know what and how to construct. Consequently, annual 
allowances for maintenance and depreciation can be reduced, with a 
corresponding decrease in the cost of service. Improvements in 
manufacturing methods cheapen apparatus with a similar result, 
and as the price for telephonic intercommunication falls, the zone 
over which telephones may be distributed extends. As more and 
more people obtain telephones, the telephonic habit grows, for 
traffic breeds traffic. To-day no business house can afford to be 
without a telephone and shortly no residence can, so he who runs 
may read the prophecy for the future. 

A significant tendency is the adoption of mechanical appliances 
in the operating room. The lamp signal removed the manual drop. 
Machine ringing has relegated the manual ringing key to the scrap 
heap; self-ejecting plugs are possibilities, and many inventors have 
proposed, and with some degree of success, operatorless exchanges. 
In a general way the tendency of the telephone company is to relieve 
the subscriber of all work and to concentrate every function in the 
exchange. This appears incompatible with the automatic switch- 
board, which necessarily must inflict a greater burden upon the sub- 
scriber. But the automatic exchange may, and probably will, have a 
certain and very wide field. To expect the business man to operate 
a series of levers, or dials to call a subscriber, when he can pick up 
a receiver and tell his private exchange operator just what he wants, 
is folly. It is equally foolish to require the Chinese laundry, the 
corner grocery and the tenement house to pay the rate required 
by the service needed on Wall street or Broadway. It appears quite 
possible that some form of automatic exchange may be devised, which 
will be installed in certain zones of the larger cities, and be entirely 
adequate for the smaller towns and villages. Such automatic ex- 
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changes will work in conjunction with manual exchanges in such 
a manner that service may be graded to fit the customers to which 
it is addressed. This is as logical a proposition as for a railway to 
run Pullman cars, day coaches and immigrant trains. But it would 
be equally illogical to force all passengers into one train. The service 
must fit the customer. 

The field of the telephone is by no means exhausted. The ELEc- 
TRICAL WorLD AND ENGINEER has suggested the telephonic transmis- 
sion of money orders; witnesses are examined and depositions taken 
telephonically; it is veraciously reported that several engagements 
and some marriages have thus been consummated; but so far there 
have been no divorces and no executions by it; so there are yet 
many opportunities to develop the business in ways perhaps now 
unexpected. 

A keen competition is often regarded as a business blessing; and, 
so far, telephonic competition has been by no means an unmixed 
evil. But telephony differs from other commercial undertakings. 
Usually a wholesale business is cheaper per unit than a retail one, 
but such is not the case in telephony, for the cost per subscriber in 
a 10,000 line exchange is greater than in one of 1,000 subscribers. It 
would not be considered desirable to have two rival post offices, 
and telephonic service resembles postal service. If there are two 
telephone companies in one city, either both must interchange 
messages, or else the subscribers, to get complete facilities, must 
have two telephones. If the latter, installation costs are doubled, 
for there are twice as many sub-station instruments, and twice as 
much wire plant. Hence the cost of service is augmented, for in 
the end the community pays all the costs and all the profits of run- 
ning two companies. What shall the solution be? Is it to be 
municipal or governmental operation like the post office? Will 
legislation force all telephone companies to interchange all mes- 
sages? Shall a Utopian state of affairs arise in which one company 
will so adjust rates as to pay reasonable operating expenses, legal 
interest on unwatered capital, and no more? or may some form of 
co-operative ownership be devised in which each subscriber is a 
stockholder and annually receives any surplus over operating ex- 
pense? Quien Sabe. 





The Evolution of the Enclosed Arc Lamp. 
By L. B. MArks. 

The enclosed arc lamp of commerce dates from the year 1894. For 
fifteen years prior to that time the open arc held sway. A glance 
at the arc lamp statistics shows that there was a sudden turning point 
in the evolution of the arc lamp. The enclosed arc, as if by magic, 
ousted its predecessor and gave a remarkable impetus to the intro- 
duction of arcs, particularly on constant potential circuits. 

The question has often been asked, “What was it that brought 
about this sudden introduction of the enclosed arc lamp?” Was 
there any new discovery or invention that made possible what for- 
merly had not been accomplished? Surely a host of inventors, both 
in the United States and abroad, had experimented with the enclosed 
globe arc lamps ever since the earliest days of arc lighting. The 
records of the Patent Office will attest this fact. There are some 
who think that the enclosed arc lamp is simply an outgrowth of the 
development of carbons—that if we had had a satisfactory carbon 
in the early days of arc lighting, the open arc would never have held 
sway so long. 

Now, as a matter of fact, satisfactory carbons were on the market 
continuously for many years prior to the advent of the modern en- 
closed arc lamp. The price of these carbons was naturally higher 
than it is now, but not prohibitively high. In some of my work in 
arc lighting years before the first commercial enclosed arc made its 
appearance I employed very pure carbons that were admirably suited 
for use in the modern enclosed lamp. These carbons were manufac- 
tured in this country and were sold at a price not exceeding the pres- 
ent price of good imported carbons. 

Those who are familiar with the steps in the evolution of the en- 
closed arc lamp of commerce know that this type of lamp was made 
possible by the discovery that when an arc is enclosed in a small 
globe having suitably restricted air inlet, a long are of abnormal 
voltage may be steadily maintained by a small current—a condition 
impossible in free or open arcs. This discovery was followed up 
by the construction of a lamp that would strike a long are and 
maintain it under the proper conditions. Herein, then, lay the secret 
of the modern enclosed arc lamp. Broadly speaking, that secret was 
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not in the carbon, but in the arc. The solution of the problem, 
therefore, involved, first, a method of operation, and, second, an ap- 
paratus for carrying out that method. So far as the records go, 
neither the method nor the apparatus was known to the world prior 
to the year 1893. Once these features were given to the art, the 
commercial enclosed are lamp became an accomplished fact. 
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The First Commercial Electric Street Railway in America. 


HAT a marvelously brief period has sufficed to establish 

W electrical power in full possession of the field of urban 

passenger traffic, receives a striking illustration in the fact 

that to a man, to-day but in his fortieth year, belongs the honor of 

having personally guided the first electric motor for street traffic 
put in practical commercial service in this country. 

The event which marked an epoch in the solution of the problem 
of the application of electricity to the purposes of passenger traction 
occurred in the city of Baltimore and the man who stood at the 
controller of the first practical electric locomotive taking its power 
from the now familiar third rail, was Guy M. Gest, now a prominent 
electric subway contractor of New York and Cincinnati, who prizes 
above all other honors he has won in a career devoted to the de- 
velopment of electric subway work, his undisputed right to the 
title of “The Father of Motormen,” who in spite of his youth now 
numbers his “sons” by the hundred thousands. The very name 
“motorman,” now so convenient and familiar, had not yet been 








FIG. I.—DAFT ELECTRIC STREET RAILWAY LOCOMOTIVE. 


invented when Mr. Gest piloted the first train of electrically-pro- 
pelled cars through the streets of Baltimore, his function on that 
historic occasion being described in the newspapers of the day as 
that of “engineer.” 

In connection with this historical performance it is interesting 
to note that the third rail from which the car derived its power, 
while laid on the surface between the wheel tracks was so pro- 
tected from any accidental external contact as to make it practically 
identical in principle with the modern conduit system supplanting 
in urban practice the overhead trolley wire, which was the im- 
mediate successor of the original third-rail device, thus offering 
another example of the familiar tendency to a reversion to first 
principles. 

To Mr. Thomas C. Robbins, General Manager of the Union Pas- 
senger Railway of Baltimore, belongs the credit of having first 
recognized the possibility of the successful application of electricity 
to the solution of the problem of street car propulsion and it seems 
to have been peculiarly appropriate that the practical demonstration 
of the correctness of Mr. Robbins’ judgment should have been 
made in the same city which witnessed the first practical test of 
telegraphy, on May 1, 1841, just forty years earlier. It is also 
appropriate that the first practical electric motor should have borne 
the illustrious name of “Morse,” the inventor of the electric tele- 
graph. 
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Electric traction had not yet emerged from the stage of experi- 
ment when Mr. Robbins cast about for some efficient substitute for 
horse power in the operation of his lines and his attention was 
first called to the startling possibilities of electricity by the per- 
formance of a lilliputian exhibition railroad that formed one of the 
amusement features of Coney Island in the summer of 1884. He 
consulted with Mr. Daft, the inventor for the Daft Electric Com- 
pany, of Greenville, N. J., who went to Baltimore, and after a careful 
examination of the road, declared that there could be no question 





FIG. 2.—WYETH SWITCH, DAFT THIRD-RAIL ROAD, BALTIMORE. 


of the entire practicability of Mr. Robbins’ plan. A contract for 
the installation of a power plant and the construction of motors 
was at once entered into, and while two motors were under con- 
struction in the shops of the Daft Electric Company at Greenville, 
under the supervision of Mr. G. W. Mansfield, a power house was 
erected, adjoining the car stables, equipped with a 75-hp engine and 
a 50-hp-dynamo. The preparation of the track and the laying of 
the protected third rail and wire connections were undertaken under 
the direct personal supervision of Mr. H. A. Foster, of the Daft 
Company. How well the whole work of construction and equip- 
ment was performed was fully attested by the complete success, not 
only of the first trials, but of the subsequent operation of the road. 
Simultaneously with the completion of the power-house and the 
track the Daft Company was ready to put into service the pioneer 
motor, or car, as it was more usually termed in those days, the 
“Morse” and its companion the “Benjamin Franklin.” 

There is a quaint flavor of simplicity attaching to the description 
of this historic machine published in the Morning Herald of Balti- 
more of August 10, 1885, which makes it well worthy of repro- 
duction. Referring to the wonderful “electric engine” the reporter 
who attended the trial writes: “This is a plain little caboose, 
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FIG. 3.—DAFT UNDERRUNNING TROLLEY, BALTIMORE, MD. 


weighing, with armature, only 4,500 pounds. It is about 8 ft. long 
and 4 ft. wide and the roof is only 9 ft. from the ground. From 
the center of this motor, which has been named the ‘Morse,’ hangs 
a little brass wheel called the ‘contact wheel.’ It runs entirely on 
the center rail, taking up the current of electricity and conveying 
it into the armature in the forward end of the motor. The current 
of electricity is administered to the center rail from the dynamo 
generator in the engine-house by means of copper wires. When 
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the contact wheel takes it up from the center rail the armature at 
once becomes ‘excited’ and the motive power is transmitted to the 
axle by means of gearing, and the wheels of the motor are thus 
thrown into motion. Through the outside wheels the current is 
then returned to the dynamo generator, thus keeping up a con- 
tinuous current along the entire length of the road.” With the 
view of reassuring the good people of Baltimore against any sug- 
gestion of danger from the mysterious new power the reporter con- 
tinues: “The electric current is low-tension and no danger of 
shock will result to man or beast if the rails are touched in crossing 
or with the bare hands. In the latter case the result is only a 
slight tingling sensation.” 

The “Morse” was equipped with a compound series motor rated 
at only 8 hp, with single-reduction gears; regulated by a primitive 
form of controller. She was shipped from the shops of the Daft 
Company at Greenville on June 10, reaching Baltimore two days 
later, and so advanced were the preparations at the power-house 
that it was possible to conduct the first private trial of the new 
motor on the following day, the result giving every augury of the 
complete ultimate success of the plan. Various details, inseparable 
from the launching of a pioneer enterprise, remained, however, to 
be adjusted, and it was not until August 9, at one o’clock a. m., that 
time being selected in order to avoid popular excitement that would 
have attended the first appearance of the motor, that the first actual 
trip over the line was made, under conditions that only varied from 
those of actual practical service in the fact that the passengers 
carried, twenty-nine in all, were confined to officials of the railroad 
and of the construction company and to representatives of the press. 

One of the pictures herewith illustrates what must be regarded 
as one of the earliest and most interesting attempts to use an over- 
head trolley contact as an alternative to the third rail and as a means 
of getting by crossings. At one side of the track a series of brackets 
were erected on poles, the arms being of pine 3 x 4. From these 
gas pipe was suspended by means of a U-shaped insulator. The 
contact brush to this overhead trolley consisted of a laminated series 
of sheet iron, some 6 x 8 in. wide clamped together and fastened 
to a wood trolley pole, the base of which was connected by an in- 
genious toggle arrangement to a lever in the inside of the cab, per- 
mitting the motorman to raise and keep in contact the brush when 
passing over the street crossing at which point this interesting and 
really first demonstration of such an underrunning trolley was used. 
The motorman by a foot lever raised the third-rail contact wheel 
and with his left hand controlled the overhead attachment and thus 
maintained a continuous contact. This arrangement was not added 
to the original method of third-rail contact until the road had been 
in operation many months, its necessity was urged on account of 
animals being injured by coming in contact with the third rail at 
street crossings. The details of this device were handled by Mr. 
A. H. Haywood, who took up the Daft Company’s interests in Bal- 
timore after Mr. H. A. Foster severed his connection with that 
company. 

The train was made up of the “Morse” attached to one 6f the 
ordinary passenger cars. Mr. Gest, who had been identified: sth 
every detail of the construction of the motor, stood at the cositroller 
and at a signal from Mr. Robbins turned on the power. and set in 
motion this pioneer of third-rail electric trains. The report of 
the Morning Herald tells us: “A brilliant flash of light shot out 
into the darkness as the contact-wheel fell upon the center rail and 
a shower of sparks flew right and left and then the motor, dragging 
the passenger car with its living freight, rolled rapidly out of the 
yard and sped on its way. A few hundred yards were traversed 
and then the current was cut off, the brake applied and the train 
returned to the yard up a steep incline. Back and forth the motor 
ran again and again, and each time it ran over the rails it improved 
in its action. Once it ran off the track, owing to a misplaced switch, 
but it was quickly replaced. Afterwards the passenger car was de- 
tached and the motor was run at a rapid rate of speed around curves 
and over switches with the greatest ease and safety. The trial was 
a most thorough and satisfactory one, as was testified to by all, 
and with the exception of a few minor mechanical defects, which 
can soon be adjusted, the trial perfectly demonstrated the practica- 
bility of the motor.” It was estimated that the use of electricity 
would be attended with a saving of over 50 per cent. over that of 
horses. Later, two other and larger electric locomotives were in- 


stalled on the road. The average daily run of each was 75 miles. 
The attention of the street car companies of New York, Boston, 
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Chicago and Philadelphia and of all the great cities in Europe had 
been riveted on this epoch-making trial in Baltimore and its triumph- 
ant success gave everywhere a tremendous stimulus to the substitu- 
tion of electricity for horse or cable power. Less than twenty years 
have sufficed to fulfill the prediction, made by Mr. Robbins and 
Mr. Foster at the conclusion of the trial, that its success marked 
the beginning of a revolution in street car propulsion as complete 
as that wrought in stage-coach traffic by the appearance of Stephen- 
son’s locomotive; and to-day, having completely conquered the 
domain of city and suburban traction, the mighty successors of the 
little “Morse,” driven by Mr. Gest, are threatening to relegate the 
descendants of the “Rocket” to the limbo of the stage-coach and the 
horse car. 

Speaking recently of the wonderful development of electric sub- 
ways with a fellow member at the Union League Club, Mr. Gest 
said: “I was little more than a lad, just about old enough to vote, 
when I assisted in that almost-forgotten trial of the first electric 
motor in Baltimore. To my mind it marked the beginning of the 
era of the successful application of electricity to locomotion and 
as such the event is worthy of commemoration. I take a keen satis- 
faction in the fact that I bore a part in it, and as I look back to 
that small beginning I am astonished at the progress that these com- 
paratively few years have brought about. It should not be for- 
gotten that a very substantial share of the credit for the success 
that attended the electrifying of the Baltimore road was due to the 
skill and energy of Mr. H. A. Foster, whose admirable ideas in 
carrying out the work of construction of the power plant and the 
track arrangements showed him to be the accomplished electrical 
engineer that he is. From the beginning, however, none of us wlio 
were associated in the work had the least doubt of its complete suc- 
cess, although it is easy to see how, in that early stage of electrical 
science, there were many unforeseen difficulties to be met and over- 
come. I do not know whether the old ‘Morse’ on which I officiated 
as motorman is still in existence, but if she is I think that a place 
should be found for her in the National Museum beside the earliest 
locomotive. Although she took her power from a primitive form of 
third-rail her performance fully demonstrated the practicability of 
the electric railway system. 

“And apropos of that,” continued Mr. Gest, “I am reminded how: 
universally visitors to New York express wonder when they see 
one of the old horse-cars crawling along one of the side streets 
downtown. Of course, the reason for keeping these old cars in 
service is obvious in the economic objections which stand in the 
way of laying down subway conduits under the conditions that pre- 
vail in many parts of the city, but the change is bound to come 
and sooner or later. With the disappearance of the last horse-car. 
our country cousins will have one less metropolitan wonder to talk 
about when they go home. I had an amusing illustration of this the 
other day when I brought my son, a youngster of seven, to New 
York on a visit. About the first thing that attracted his attention 
after leaving the ferry was one of the old cars on West Street. He 
stopped in open-mouthed wonder, for he had only seen horse-cars 
in pictures, and was only satisfied when I promised that some day 
I would take him for a ride in one. I thought to myself, ‘surely that 
the world do move’ when the son of the man who drove the first 
electric street motor is curious to enjoy the novel experience of a ride 
on a horse-car. I shall have to hurry up, before the last car is gone, 
if I want to keep my word with the little lad.” 





A Period of Great Development. 


3y FRANCIS BLAKE. 

In reply to your letter of invitation, I have to say that I am much 
impressed by the fact that the life of your journal covers the period 
of the birth and a marvellous development of the science which 
governs the commercial use of electricity. 

If I were asked for specific reasons for this general statement, I 
should refer my questioner to the volumes of the ELecrricAL Wor p 
AND ENGINEER which—by their advertisements as well as by their 
leading articles and their editorial matter—present a most valuable 
record of this important epoch in the world’s progress. 

Upon the occasion of your thirtieth anniversary, I congratulate 
you upon the fidelity and the ability with which your journal has 
rendered its technical services to the electrical fraternity in particu- 
lar and to humanity in general. 
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The Electric Railway Industry in 1883. 


By FrANK B. Rae. 






hoe ee early days of the 

Phage Boone sry Ts) electric railway bus- 
Exposition of R’y Appliances, mess were all twenty- 
a a i 3ix hours long and loaded 
GOOD FOR ONE PASSAGE =] with trouble. Motors were 
ON puny things in the early 


eighties. It was necessary 
' to sit up with them nights 
and give them homeceopathic 
doses of shellac in various parts of their anatomy, tie up the sore 
places with tape, and devise schemes to hold the armature leads and 


ELECTRIC RAILWAY. 


FIG. I.—-FIRST ELECTRIC RAILWAY TICKET. 


the commutator bars together for the next day’s run. 

The things we did not know back in ’83, put in book form, would 
make a Carnegie library look like an elevated railway book stall. 
This should perhaps be qualified by saying, the things that some of 
us did not know, etc. There were those who knew all about every- 
thing; moreover, they wrote about it in the papers, whereat we of 
the working force marvelled. Some of these things, re-read to- 
day, would make most anyone marvel; but one of the real scientific 
facts that some chap wrote at the Philadelphia Exposition in ’84 
looms up like the shadow of a great rock in a desert, and has been 
a daily help and guide. He said: “A dynamo machine may be 
painted any color without affecting its efficiency.” This is as true 
to-day as when it was written, twenty years ago, which is more than 
can be said of some of the other stuff. 

The first electric railway company in this country, organized to 
construct and equip electric roads, was, I believe, the Electric Rail- 
way Company of the United States, with offices in the Mills Build- 
ing, New York. This company acquired, or expected to acquire, 
the railway patents of Thos. A. Edison and Stephen D. Field. It 





FIG. 2.—THE FIELD ELECTRIC LOCOMOTIVE “THE JUDGE.” 


was backed by Cyrus W. Field and his associates, with Mr. S. G. 
Reed, president, C. W. Rogers, vice-president, and Chas. Dimon, 
secretary and treasurer. Rogers was the active man, and his activity 
was of the brand that “eboluted” a lot but resulted mostly in hot air. 
He traveled in a stateroom with a typewriter and a hard-working 
young chap that was referred to frequently as “my secretary.” Let- 
ters were mailed at every stop, and confirmed by telegraph. The 
end came before any real business happened, probably due to the 
preliminary funds having been ted up in postage ‘and telegraph 
tolls. The company did, however, equip one road, not a very long 
one, it is true, but it was as broad as some of them, and has the 
distinction of being the first electric road for business purposes in 
the United States. One night in March or April of 1883, there was 
a meeting at the Fifth Avenue Hotel, attended by Edison, Field, 
Prof. Morton, the engineer of the Northern Pacific road, and my- 
self, the last three being a committee appointed to pass upon the 
Edison and Field patents, and determine their value to the Electric 
Railway Company of the United States. After it was over, Field 
said: “Frank, I wish you would go to Chicago to-morrow, and build 
in electric road for the Exhibition of Railway Appliances. I have 
had shipped there two Weston 100 incandescent light dynamos; use 
one as a generator and the other as a motor. You will find the track 
down around the gallery of the building, and Mr. J. McGregor 
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Adams will give you any assistance you require.” When more de- 
tails as to construction were insisted upon, Field covered a sheet of 
paper with drawings and said: “There, put your motor crosswise 
on a truck, extend the shaft, use a bevel gear to drive a counter- 
shaft, put some pulleys on the counter-shaft, and belt to some others 
on the truck axle. Make a rig to reverse the brushes to reverse the 
armature, and—there you are.” 

All this was done, and several other things, before “The Judge,” 
as the machine was called, was ready for service; and this brings 
us back to the remark above, about things we didn’t know in 1883. 
At least, we didn’t know them right off quick. For instance, it re- 
quired something like twenty-four hours, mostly spent walking along 
the lake front, to grasp the fact that a shunt-wound dynamo, built 
as only Weston knew how at that date, would not generate current 
when started up on a short circuit, because it couldn’t. It would not 
do, of course, to throw the shunt-wound motor on to the dynamo after 
the dynamo started and was up to voltage, so it was provided that 
the motor should start up with the generator and run continuously, 
the load being thrown on with a friction clutch on the axle. But 
the motor refused to start up with the generator, hence the ramble 





FIG. 3.—DETAILS OF “THE JUDGE.” 


along the lake front, resulting in making a resistance for the arma- 
ture circuit of the motor and a switch to gradually cut it out. It is 
quite possible the board of underwriters would not pass this par- 
ticular style of starting rheostat to-day. It was constructed of bare 
soft iron wire wound in grooves, planed into some pine boards, 
which boards were set on fire four or five times a day, with a regu- 
larity that would have been greatly missed, if a modern iron-clad 
rheostat had been substituted. 

This road was a third-rail road bonded with No. 6 copper and had 
a total circular length of 1,553 feet. The locomotive, Figs. 2 and 
3, hauled one car, seating 20 people, and in the ten or twelve days 
of operation, 26,805 passengers were carried, and $2,680 was earned. 
All this was comparatively easy; the days of trouble came a few 
years later, but that’s another story. 

I believe that the electric railway ticket here shown in Fig. 1 was 
the first ever printed and issued specifically for electric railway pur- 
poses. 





Telephony the Greatest Invention of All. 


By P. B. DELany. 
This paper now and what it was thirty years ago is graphically 
illustrative of the progress made in electrical science and invention. 
To my mind, the greatest invention within, or without this span, 
is the telephone. The electric light is a priceless boon, the trolley a 
great utility, wireless telegraphy a wonderful achievement; but the 


telephone is all these and a blessed benefaction in human affairs as 


well. Its sublime simplicity and marvelous adaptability, transcend 


all comparisons in the domain of pure or applied science. 


The extension of audible speech transmission from a_ stone’s 
throw to a thousand miles, and with quieter inflection, is a work 
unrivaled. The telephone is an allayer of worry, an assuager of 
sorrow, a life saver, a deterrent of crime, an earnest of security, 
and an indispensable commercial necessity. The world could better 
afford to go back to the “penny dip” and the stage coach, than give 
up the telephone 

As to what the future holds, no man may say; but even though 
he explores the ambient clouds on a radium motor, with a search- 
light for a rudder, the telephone invention will still be secure in 


+¢ erless position 
its peerless position 
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The First Central Station for Incandescent Lighting. 


By W. J. HAMMER. 


OME years ago while preparing a lecture on Edison’s life and his 
inventions, which I delivered before the Franklin Institute, I 
asked Mr. Edison what he considered his most important 

achievement, and he replied without hesitation, “The Jumbo dynamo.” 
Those who are familiar with the early days of electric lighting will 
remember that prior to the construction of these huge Edison ma- 
chines there were practically no dynamo machines in existence 
which could not be lifted and carried around by two or three men, 
and it was a tremendous step forward from the small machines then 
generally constructed to the mammoth Edison dynamo, which 
weighed 23 tons and employed a bar armature weighing 4% tons. 

Those who are familiar with the experimental work at Menlo 
Park on the Edison bar armature machine and the subsequent con- 
struction and testing of the first “Jumbo” machine which was sent 
to the Paris Electrical Exposition of 1881, will understand and re- 
member the number of times which this machine was taken apart 
and put together again at the old Goerck Stréet Machine Works. 
Those who participated in the sleepless days and nights at that 
period of great anxiety will understand why Mr. Edison has at- 
tached such importance to the construction of this huge dynamo. 

I well remember having been entrusted with the loading of this 
Paris Exposition machine on the gigantic “Ox,” the only derrick 
in New York Harbor which could handle it, and lying all night 
alongside of the steamer on the North River; and I remember also 
the difficulty I had in securing the shipment of this machine, which 
necessitated the risky carrying of the 4%-ton armature upon the 
deck. 

The second and third “Jumbo” machines were sent to England 
and were installed by Mr. Edward H. Johnson and myself in the 
3,000-light central station on Holborn Viaduct, London—this con- 
stituting the first central station for incandescent lighting in the 
world, it having been started on January 12, 1882; whereas the Pearl 
Street station in New York, the first one established in this country, 
did not start until September of the same year. 

It is probably known to very few where the term “Jumbo” dynamo 
originated, and I can claim the honor of giving this type of machine 
this name—and it came about in this way: The two dynamos 
which were sent to England were despatched on the “Assyrian 
Monarch,” of the Monarch Line, this being the same steamer which 
had just before that carried the celebrated elephant, Jumbo, which 
the American showman, Barnum, had purchased from the London 
Zoological Society, and it occurred to me to dub the first machine 
“Jumbo” and the second one “Alice,” after Jumbo’s mate in London; 
and the name “Jumbo” has ever since characterized this type of 
machine. 

It is interesting to call attention to the fact that this Edison 
dynamo was the first direct-connected generator. One of those 
which were sent to London had its armature directly coupled to a 
Porter-Allen engine and the other to an Armington-Sims engine. 
I had the honor of first coupling up two of these machines and 
making one run the other as a motor; and in April, 1882, the two 
machines which had been alternately used were run together suc- 
cessfully in multiple or parallel, this being the first time that these 
machines were so coupled. A cablegram was sent to Mr. Edison by 
Mr. Johnson announcing the success of this test, and subsequently 
not only two, but three of these machines were run in parallel. 
There are many who will remember the great difficulties which were 
subsequently met at the Pearl Street station when efforts were made 
to run the “Jumbo” machines there in parallel. 

The history of the first central station for incandescent lighting 
established in the world, namely, the 3,000-light Holborn Viaduct 
station, started January 12, 1882, has never been written. The pres- 
ent occasion offers neither the time nor space to present this matter 
properly, but I should like to call attention briefly to a few important 
features connected with this historic plant, which was originally in- 
tended as a European demonstration of what Mr. Edison’s electric 
lighting system was, and which was operated long after the time 
originally proposed. The station had been erected on property be- 
longing to the Crown, and it was impossible to construct the large 
station subsequently planned. That, together with other electric 


lighting enterprises, were knocked in the head by the celebrated 
Electric Lighting Act of 1882, which caused financiers contemplating 
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investments in electrical enterprises to button up their pockets until 
Parliament should deal with the industry in a more liberal spirit. 

It may interest many to know that this station supplied its con- 
sumers by a network of feeders and mains of the standard under- 
ground two-wire Edison tubing, such as was subsequently used for 
a long time in New York City, Milan, Italy, and elsewhere. It used 
a meter system employing the well-known Edison electrolytic meter. 
Arc lamps were run from these circuits, and I assisted Dr. John 
Hopkinson in experimenting with Siemens’ differential arc lamps, 
specially constructed for this purpose. I also assisted Dr. Hopkinson 
in his experiments with his mechanical meter employed experimentally 
on these circuits; and one of the first sets of “Faure” batteries sent 
to England was experimentally used at the Holborn Viaduct station. 

In connection with this set of “Faure” batteries an interesting in- 
cident occurs to me. A small boy passing through the station, 
whistling a tune and swinging carelessly a hammer carried in his 
hand, rapped a carboy of sulphuric acid which happened to be on the 
floor above a “Jumbo” dynamo. The blow broke the glass carboy 
and allowed the acid to run down upon the field magnets of the 
dynamo, destroying the windings of one of the 12 magnets, which 
formed the pole pieces of this machine. This accident happened 
during a vacation I was taking in Germany, and a prominent scientific 
man connected with the company cabled Mr. Edison to know whether 
the machine would work if this coil was cut, and Mr. Edison made 
the laconic remark, “Why don’t he try it and see?” I remember 
about this period assisting Sir William H. Preece in a lecture before 
the Society of Arts in which an Edison bipolar machine was dropped 
off a truck and the winding of one leg of the magnet sot badly cut 
that I was forced to use the machine with only one leg connected, 
but it worked with perfect satisfaction, although the machine had to 
be placed on the Thames embankment a long distance away and con- 
trolled from the lecture stage. 

Up to the time of the construction of this plant it had been cus- 
tomary to place a single pole switch on one wire and a safety fuse 
on the other, and the practice of putting fuses on both sides of a 
circuit was first used here. Some of the first, if not the very first, of 
the insulated fixtures were used in this plant, and many of the fixtures 
were equipped with ball insulating joints, enabling the chandeliers 
or electroliers to be turned around, as was common with the gas 
chandeliers. This particular device was invented by Mr. John B. 
Verity, whose firm built many of the fixtures for the English com- 
pany, and constructed the notable electroliers shown at the Crystal 
Palace Exposition of 1882. 

The streets and bridges of the Holborn Viaduct were illuminated 
by incandescent lamps turned on and off from the station, and a 
device designed by my assistant, Mr. Cunnington, was used experi- 
mentally for turning on a second lamp should one of the two lamps 
in the post give out. 

Dr. Parker’s City Temple was supplied from this station, and was 
the first church in the world to be lighted by incandescent lamps. I 
well remember the astonishment of Dr. Parker and his associates 
when they noted the difference of temperature as compared with the 
gas. I was informed that the people would not go in the gallery in 
warm weather owing to the great heat caused by the many gas jets, 
whereas on the introduction of the incandescent lamp there was no 
complaint. 

The operating room of the General Post Office, a long distance 
away, was supplied with 400 Edison lamps from the station, and I 
remember the anxiety of the chief electrician, Mr. (now Sir William 
H. Preece), when the cables were run through the subway under the 
Holborn Viaduct in which were placed the cables of the telegraph 
company, and the authorities were certain that the enormous currents 
carried in the Edison mains would interfere with the telegraph 
system mains, They had found this the case when the Jablochkoff 
system had been installed on the viaduct and the cables run through 
the galleries underneath. Although Mr. Johnson and I called their 
attention to the fact that whereas the Jablochkoff people used an 
alternating current, the Edison system employed a low potential 
direct-current, with both wires enclosed in an iron pipe, still there 
were many who were sure that there would be trouble, and on 
arrangements being made for the official test I remember the aston- 
ishment on the part of the telegraph people when I informed them 
that the current had been on for a good part of a week, and there 
had been no effect noticed on the telegraph system. 

Of course, this was many years ago, and the large size of the 
mains employed in the Edison system and the previous experience 
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which had been had with the Jablochkoff system naturally caused 
considerable anxiety. 

For throwing the load of lamps from one “Jumbo” machine to 
another I constructed a huge snap switch, there being 16 metal 
pawls mounted on a ring of brass, these pawls resting on 16 teeth 
of the revolving disc. One-half of these teeth were ebonite, and 
were set into the brass plate which the other teeth formed a part of. 
Turning the handle of the switch would break the circuit simul- 
taneously at 8 points. There were large rubbing surfaces and pow- 
erful springs employed. We also designed the first automatic circuit- 
breaker ever built, and the drawing of this is still in my possession, 
although the circuit-breaker itself was never completed. 
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Early Electrical Days at Cornell. 


By W. A. 

When I went to Cornell University in 1872, the development of 
the dynamo electric machine had just begun. Accounts of the 
Gramme machine had appeared in some of the technical journals. 
I immediately went to work to design and build one, which served 
a very valuable purpose in the experiments at Cornell University 
and I followed with the keenest interest everything that took place 
in electrical development during those early years. 

For convenience in communication with the various departments 
of the university and the people in the village of Ithaca, a telegraph 
line was established which finally developed to something over forty 
offices in 1876, when we began to hear of the telephone. I was 
immediately interested in that and J] think it was early in 1877 I 
succeeded in obtaining some of those wooden hand telephones, which 
I connected to this telegraph line, and used them in connection with 
the telegraph instruments. Very shortly after this the telegraph 
line was changed to a telephone line, battery call bells and tele- 
phones being substituted for the telegraph instruments. 

Only a single telephone was used at each office, parties using it 
alternately as the transmitter and receiver, and many ludicrous in- 
cidents occurred from two people attempting to carry on a con- 
versation with each other and both talking at once or both listening 
at once. This telephone line led to the development of a telephone 
exchange, which obtained quite a large patronage and employed all- 
night operators before we had gone so far as to use both transmitter 
and receiver at the subscribers’ offices. 

In connection with the early development of electric lighting I 
remember well returning one night from Washington. The train 
stopped at Menlo Park, not far from midnight. I saw some in- 
candescent lamps lighted about the grounds. I immediately got off 
the train to try and see what was going on. Lamps having filaments 
of the old cardboard carbon were scattered here and there about 
the grounds and were evidently in use in some of the houses. I 
found my way to the workshop and to the dynamo room, where one 
of the earliest of the Edison dynamos was in operation supplying 
these incandescent lights. On a large table located in the center of 
the room of one of the work rooms was a Thomson galvanometer 
with its lamp-stand and scale enclosed by a screen of black cloth 
so that its indications might be better observed, and this was serving 
as a voltmeter for indicating the voltage of the machine. Persons 
about the grounds were calling in by telegraph and making various 
suggestions about the illumination which the operator at the instru- 
ment was endeavoring to carry out, when all at once the lamps 
began to flicker ominously and finally went out. I went to the 
dynamo room, to find Mr. Edison himself there in a considerable 
state of excitement, ordering instruments brought for making a 
test. It was found when the machine was stopped that one of the 
coils had burned out. Another armature was in process of winding, 
but it was hopeless to think of completing that and getting the 
lights into operation again that night, or rather, morning, for it 
: Mr. Upton, one of Mr. 
Edison's assistants, very kindly took me with him to his house, 
which provided for the hours remaining between then and daylight, 
the disposition of which I had not at all considered when I left 
the train. 

Remembering all this as vividly as I do, the growth of and 
development of telephone communication and of electric lighting 
in these later years seems to me a thousand times more marvelous 
than to those whose memory does not extend back of 1881. 

Before leaving Menlo Park I was given a card on which was 
mounted the punched cardboard horseshoe and inside of it the 
corresponding carbonized horseshoe showing the shrinkage in car- 
bonizing to be something like a quarter. 


PRor. ANTHONY. 


was getting to be near three o'clock. 
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By C. J. H. Woopsury. 


The Captains of Industry in the Electrical Field. 
OUR reminder of my contributions to the editorial columns 
Y of the Electrician in 1882 recalls several lines of reminiscence, 
one of them being that it did not take much to make an editor 

in those days. 

It appears to me that the most notable element in electrical mat- 
ters, has been that of the men who made all other things possible, 
that is the administrative leaders in these enterprises. The magnifi- 
cent figures of the census contained in a recent issue of your journal 
which stated the present measure of electrical development, caught 
in its increasing growth like a bird on the wing, may well inspire 
feelings of reminiscence upon the total development of thirty years. 
Week by week the advance has been chronicled, and year by year 
its totals summarized, but the whole term gives an aggregate which 
furnishes a bewildering comparison. 

As the development of Grecian art in twelve years produced the 
Golden Age of Phidias, so the genius of invention applied to electric 
lighting, distribution of power and transmission of speech in the 
years immediately following the establishment of your journal in 
1874, were so brilliant as to afford but little opportunity to make any 
discriminations, but it is worthy of note that all of these inventions 
were applied to public weal rather than to individual benefit, in the 
exercise of that true socialism which builds up the interests of 
all, and does no harm to any. 

It is in no sense of disparagement to those electric inventors, 
whose skill produced the essential initiatives of electrical develop- 
ment, that attention is called to the importance of the type of human 
skill exercised in that administrative ability which established and 
operated the enterprises engaged in manufacturing and conducting 
these electrical undertakings. 

The early dynamos savored of the laboratories where they were 
invented, and it devolved upon others to reorganize the machines 
to conform to the requirements of factory production, and continuous 
service. 

The lack of suitable supplies for the manufacture of electrical 
plants created a demand which produced numerous lines of sub- 
sidiary manufacture. 

The gap in insulating materials between those of submarine cables 
and of door bell wire was soon filled. The requirements of central 
station plants for the various electrical purposes have taken the 
best suited elements of other mill architecture, and blended them 
into special types of buildings whose permanency is a token of 
stable, continuous service. 

The whole business of the manufacture of prime-movers lost its 
precedence, and became subsidiary to the electrical demand which 
required radical changes in steam engine and’ water wheel to fulfil 
conditions of improved regulation and economy. 

The control of the electrical output to meet the variable demand 
has developed switchboards and their accessories to an extent which 
constitutes new systems of mechanical arrangement. 

The operation of these plants has in turn required new systems of 
commercial organization to coalesce the many details required by 
the public corporation with their privileges from the municipality, 
in order to give service to the individual consumer intent upon his 
own wants. This has required a high type of business skill in the 
operation of all electrical enterprises, particularly in the case of 
telephone companies where the great number of patrons and the 
corresponding number of lines of connection has rendered the prob- 
lem one of infinite detail, in the close relation of the mamy patrons 
with the company and with each other. It is in the development 
of the telephone service to the present standard that American skill 
has shown to great advantage in comparison with what has been 
done in other countries in the application of electricity to the service 
of mankind. 

In all of this work beginning with the original devices of electrical 
inventors, and extending to the application in commercial details of 
the systems in their respective fields, the pre-eminent service has 
been that rendered by men whose broad scope was endowed with suf- 
ficient imagination to foresee the ultimate possibilities of the de- 
mand for applied electricity, and with adequate knowledge of present 
events to provide for the future by selecting competent men to 
whom were assigned the tasks of solving engineering problems, and 
above all, these men were equal to the greatest task of all by their 
power of inspiring confidence in capitalists who invested the enor- 
mous amounts essential for establishing these electrical industries, 
and in this respect the work of these leaders has constituted the 

greatest element in this electrical development. 
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Electrical History and the Importance of Systematic 
Inspection. 


By Ratpo W. Pope. 


HE gradual advance to the present standard of electrical engi- 
neering practice is now so generally recognized that there can 
be little excuse for the crude construction which is still permit- 

ted in various parts of the country. Twenty-five years ago telegraph 
construction was perhaps the only model, and even the limited experi- 
ence in that branch was not profited by as it might have been. The 
original telephone lines were built without regard to permanency, 
while the electric light lines in our principal cities eventually caused 
losses of life and property directly traceable to inferior construction 
that finally led to a public demand that all wires should be placed 
underground. This naturally led to improved construction, as any 
other procedure was practically impossible. In spite of the objec- 
tions to underground work on the part of many of the electrical 
companies, the best electrical engineers insisted that the problem was 
largely financial, and their opinions have been justified by experi- 
ence. Possibly New York City is now the leading example of gen- 
eral underground construction for all classes of service, but even 
here there are doubts as to the possibility of a conduit electric 
tailway on West Street. The financial return from all classes of 
service in New York are sufficient to warrant an investment which 
might be prohibitive in many other cities. Whether underground 
or overhead construction be adopted, however, proper electric service 
demands the best, and wherever the population is sufficiently dense 
to offer a proper field for its establishment, every precaution should 
be taken to prevent accident which may lead to financial loss through 
damage suits or diminished revenue. 

It is not enough, however, that the original construction in New 
York should be of the highest class, as the question of proper main- 
tenance is equally important. When everything is new, repairs may 
not be necessary and if proper care is not exercised there is likely 
to ensue a period of general break-downs that should be avoided. 
Frequently an electrical system is properly maintained for years, 
when a change of administration introduces a policy of so-called 
economy, and a large proportion of the income previously appro- 
priated for maintenance is diverted to the payment of increased divi- 
dends, reflecting corresponding credit upon the new management, 
while the gradual deterioration of the plant will, in a few years, 
lead up to extraordinary cost of repairs or possibly reconstruction, 
which might have been readily avoided. 

In most cases periodic inspection will avert many accidents, and 
gradually lead up to systematic renewal of plant which will insure 
practically continuous service. Too frequently the inspection is a 
minor portion of the duties of those who are otherwise engaged, or 
the inspection and repairs are made under the supervision of one 
person, or the whole system may be operated until the break-down 
occurs, and then it may, for lack of time, be fixed temporarily, and 
subsequently neglected, when the same operation is repeated. Such 
cases are likely to occur where a manager is loaded down with 
office work, and while he may nominally look out for weak points 
in the system, he is practically unable to do so, or prefers to confine 
himself to the desk and take his chance that everything is all right 
outside. 

The advantage of thorough inspection was impressed upon the 
writer when engaged in the service of the Gold & Stock Telegraph 
Company in 1873. At that date this system was probably the highest 
development of electro-mechanical engineering, for the reason that 
about 1,000 instruments were required to be in perfect condition 
in order to give satisfaction to the subscribers. Each inspector was 
allotted 100 instruments on about five different circuits, and was 
held responsible for their operation. He was expected to visit each 
instrument twice a week, and see that it was properly cleaned, ad- 
justed, oiled, inked and supplied with paper. So far as actual visi- 
tation was concerned, he could, to a certain extent, regulate his 
own movements. The circuits being grounded at the end, it was 
important that the last instrument on each should be examined 
every morning, after which inspection could proceed according to 
personal preference. Each inspector was allowed a quota of spare 

1achines kept in readiness by running a short time on a test circuit. 
Complaints from subscribers were made at the superintendent’s 
ofhce, where they were tabulated by the month, and when the 
bulletin was posted a bonus of five dollars was paid to the inspector 
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having the least number charged against him. There was an element 
of chance in this, for an occasional circuit trouble might bring in 
twenty complaints on one day, while there were occasional instances 
of a clean score for the month. In addition to the regular force, 
there was an office inspector, to be sent out on call, while each of 
the regulars in turn took a day inside. The chief inspector must 
not be overlooked, as he was the man who was supposed to keep 
all “keyed up” to a proper performance of their duties, and while at 
that time his subordinates may not have properly appreciated his 
electrical and mechanical ability, he was certainly gifted with a 
microscopic eyé, and the faults which the inspectors may have 
entirely overlooked were duly magnified when entered upon his 
report of general inspection. The very best of overhead line con- 
struction was at that time insisted upon, and when on one occasion 
the entire system was broken down by a heavy sleet storm, every 
inspector was detailed to assist in its reconstruction and the orders 
of the superntendent were to rebuild if possible so that the lines 
would stand if a similar storm should come along next day. 


Having been out of practical electrical work for twenty-five years. 
the writer is not in a position to state whether similar practice pre- 
vails elsewhere, but observation has led to the belief that proper 
inspection is not universal, and that many serious accidents might 
be avoided and better and more continuous service provided if seri- 
ous attention was given to this important branch of service. During 
the discussion of high-tension distribution at the Institute meeting 
in December it was stated by one speaker that in a Massachusetts 
town a high-voltage wire passed through a group of telephone wires 
only ten inches distant from them. In a New Jersey town the writer 
every morning last summer passed a frame building where a lead- 
ing-in “weather-proof” wire was drawn taut over the edge at the end 
of an iron pipe which ran down into the ground. The attention 
of a policeman was called to the danger, and he said he would report 
it and have the wire changed, but nothing was done. No doubt there 
are many other danger points in the same town which would readily 
be seen by a competent inspector. While small companies cannot 
afford to employ expert inspectors continuously, it appears quite 
feasible for them to combine and obtain their services at regular 
intervals. Sucl traveling inspectors would probably be more effi- 
cient than local employees, by reason of their wider experience and 
freedom from the suspicion of meditating injury to the standing of 
the regular employees, whose work they might be expected to criti- 
cise. Such a plan of inspection could be readily systematized by a 
regular report of faults to be rectified, followed by a subsequent 
examination, when it could be ascertained whether the work had 
actually been done as specified. 


The Growth of the Sale of Current. 


By W. F. Waite. 


The commercial electric lighting and electric railway industries 
of the world have been created since 1874. Thousands of millions 
of dollars are now invested in them in the United States alone. The 
stride is without a parallel. The growth has not been of the mush- 
room order, but has been a growth with stability. No class of 
securities withstood the 1893-97 period of financial depression so 
well as the securities of meritorious electric properties. This record 
will be maintained. Good electric securities will increasingly win 
the favor of investors. 

The field for the sale of electrical energy is comparatively unex- 
ploited. Its sale for general power purposes has only begun. In 
not a single large city of the United States have the possibilities 
of the industrial power business been fully developed, much less 
exhausted. In many of our best cities to-day the gross receipts 
from the sale of electrical energy for all purposes do not exceed 
$1.00 or $1.50 or $2.00 per capita per annum. Such volumes of 
business can be multiplied three, four or five fold. 

The existent demand unsatisfied, the great undeveloped market 
at hand waiting only to be cultivated, insure the future, and guaran- 
tee against the effects of even a period of general commercial re- 
trenchment. Come good times, come bad, the electric industries 
will constantly grow, electric investments will be increasingly profit- 
able and popular, and therefore both commercial and engineering 
development will continue on the forward march. 
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The Foundation of the Modern Street Railway. 





By Bric. Gen. EuGene Grirrin, U.S.V. 


OU ask for my personal recollection of the electrical evolution of 
the past thirty years. _My personal experience goes back only 
to 1887, when, as assistant to the engineer commissioner of 

the District of Columbia, I made a tour through the principal cities 
of the United States in search of information concerning telephone, 
telegraph, arc light, incandescent light and electric railway under- 
ground wires. I secured a great deal of valuable data on this in- 
teresting subject (valuable, in the light of the progress made in 
burying wires up to that date) and incidentally I became interested 
in and inspected several electric railways and secured data concern- 
ing the same. Upon my return to Washington I made a report 
to the engineer commissioner (Col. Wm. Ludlow) on the subject 
of electric railways (December, 1887,) preparatory to the more 
extended report upon underground wires. My report on electric 
railways was called for by the United States Senate and published 
as a public document. I joined the Thomson-Houston Electric 
Company, of Boston, in March, 1888, and as a result my report on 
underground wires was never made. 

The report on electric railways referred to above shows that in 
the summer of 1887 there were twenty electric railways in the United 
States and Canada, viz.: Appleton, Wis., Appleton Electric Street 
Railway, 4% miles, 5 motor cars, Van Depoele system; Asbury 
Park, N. J., Sea Shore Electric Railway, 4 miles, Daft system; 
Baltimore, Md., Union Passenger Railway Company, Daft system; 
Binghamton, N. Y., Washington Street & State Asylum Electric 
Railway, 5% miles, 6 motor cars, Van Depoele system; Brooklyn, 
N. Y., 6 miles; Denver, Colo., Denver Tramway Company, 4 miles, 
7 motor cars, Short-Nesmith system; Detroit, Mich., Detroit Elec- 
tric Railway Company, 2 miles, 4 motor cars, Van Depoele system; 
Detroit, Mich., Highland Park Railway Company, 3 miles, 2 motor 
cars, Daft system; Gratiot, Mich., Gratiot Electric Railway Com- 
pany, I motor car, Van Depoele system; Kansas City, Mo., Kansas 
City Electric Railway Company, Henry system; Lima, Ohio, Lima 
Street railway Motor & Power Company, 64% miles, 7 motor cars, 
Van Depoele system; Los Angeles, Cal., Los Angeles Electric Rail- 
way Company, 5 miles, 4 motor cars, Daft system; Mansfield, Ohio, 
Mansfield Electric Railway, 4% miles, 5 motor cars, Daft system; 
Montgomery, Ala., Capital City Electric Street Railway Company, 
12 miles, 14 motor cars, Van Depoele system; Port Huron, Mich., 
Port Huron Electric Railway Company, 234 miles, 3 motor cars, 
Van Depoele system; St. Catherines, Ont., St. Catherines, Merriton 
& Thorold Street Railway Company, 6 miles, 12 cars, Van Depoele 
system; Scranton, Pa., Scranton Suburban Railway Company, 4 
miles, 7 motor cars, Van Depoele system; Wichita, Kan., Wichita, 
Riverside & Suburban Railroad Company, 4 miles, 6 motor cars; 
Windsor, Canada, Windsor & Walkerville Electric Railway Com- 
pany, 1% miles, 1 motor car, Van Depoele system; Woonsocket, 
R. I., Woonsocket Street Railway Company, Bentley-Knight system. 

There were 22 roads being constructed or under contract, includ- 
ing the Sprague road in Richmond, Va. 

This was the very beginning of the modern electric railway de- 
velopment. I became general manager of the railway department 
of the Thomson-Houston Company, and on the 4th of July, 1888, 
we started our first car at Crescent Beach, Mass. This car was 
equipped with two F. 20 (10-hp) motors, which were the first 
Thomson-Houston motors built for railway equipments. (The 
Thomson-Houston Company had previously built several motors 
of different design for the Bentley-Knight Company.) In the fall 
of 1888 the Eckington & Soldiers’ Home road was constructed in 
Washington. This road was a long step forward in the progress of 
the electric railway. The overhead line was installed with center 
poles, a very neat and attractive looking construction. 

Then we made our great contract with the West End Street Rail- 
way wherein we agreed to keep the apparatus on the cars and the 
overhead lines in good working order at three cents per car mile. 
This guarantee ran for five yedrs and was a very serious undertak- 
ing for an electrical manufacturing company to assume at that time. 
Within two years, however, the West End Company found it to 
their advantage to relieve us from this guarantee and to take over 
the maintenance themselves. 

Sprague’s Richmond road, the Eckington & Soldiers’ Home road, 
and the West End road may be regarded as three of the stepping 
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stones on which the electric railway business crossed the stream of 
possible failure and landed safely on the side of success. Within 
two years, i. e., in 1890, the railway business of the Thomson-Hous- 
ton Company had grown from nothing to nearly $4,000,000 per 
year. We were unable to meet our customers’ demands. 

During the period of sixteen years in which I have had general 
charge of the electric railway business of the Thomson-Houston 
and General Electric Companies, the industry has developed from 
a total of about 100 cars electrically equipped (in the United States) 
in 1887, to a total of about 55,000 cars electrically equipped in 1904; 
from a 10-hp motor per car in 1887 to two (and even four) 200-hp 
motors per car in 1904; from the small “bob-tailed” car of 1887 
to the 48-ton, 60-ft. interurban car and 2,250-hp electric locomotive 
of 1904. It has been an interesting development. I regard myself 
as fortunate to have been connected with a development which has 
added so much to the wealth, happiness and comfort of mankind. 

If I were asked to summarize the improvements made in electric 
apparatus for street cars since 1887, I should do so as follows: 
Large motors, single reduction motors, enclosed motors (water- 
proof), increased number of poles (reducing weight), form-wound 
armature coils, ironclad armatures, carbon brushes, casings to per- 
mit gear and pinion to run in oil, series-parallel controller, circuit- 
breakers, underground working conductors. 

Practically all of the elevated and underground railways in the 
world have been, or are being, equipped electrically. Suburban 
roads have been constructed and are operating electrically where no 
roads would have been built but for the advent of electric traction. 
One of the large trunk railways has already contracted for an elec- 
trical equipment to operate not only its suburban service in the 
vicinity of New York, but also its express service within a radius 
of forty miles of New York City; other trunk lines are preparing 
for the execution of similar contracts, and it is only a question of 
a very few years when the steam locomotive will have disappeared 
from the vicinity of New York City. Similar results may be ex- 
pected in other large cities. It is then but a step to extend the 
electric service to cover all transportation between the large cities 
of the East, and it is by no means improbable that many of us will 
live to see the day when the steam locomotive is as much of a rarity 
as is the horse car to-day. 


An Era of Central Station Underground Work. 





By Joun LANGTON. 


A feature in the history of electric lighting, which now runs some 
risk of being forgotten, is the important part played in the develop- 
ment of central stations in large towns, by the Edison system of un- 
derground conductors, known as “electric tubes.” The Pearl Street 
Station in New York, with its low voltage, large current and a con- 
siderable area of distribaition, necessitated unprecedentedly large con- 
ductors which no existing system could adequately supply. Over- 
head wires would have been intolerably cumbersome, even had they 
not been barred by the permanent character of construction which 
was aimed at, and which could only be achieved by underground 
distribution. The service to be given was strictly analogous to the 
supply of gas and water, and Mr. Edison’s idea of iron pipes con- 
taining insulated copper rods, to be manufactured in fixed lengths 
and joined together in the trench, was characteristic of his direct 
mode of thought. Their construction and the development of details 
were confided to the remarkable mechanical skill and judgment of the 
late Mr. John Kruesi, whose resourcefulness and indomitable per- 
severance overcame the faults and troubles inseparable from a first 
essay in a new field, and under whose direction a flexible, reliable 
and well-standardized system of underground conductors was pro- 
duced which covered a wide range of sizes. The larger Edison sta- 
tions constructed in the middle 80’s were made possible by electric 
tubes. No cables then available could stand the severe conditions 
which the tubes successfully met. Hence, electric tubes did yeoman’s 
service in the early demonstration of the commercial possibilities of 
central station work; possibilities which justified the construction of 
conduits and stimulated the production of cables. It is safe to say 


that the present wonderful development of central station work would 
have been several years delayed but for the share taken by electric 
tubes in the pioneer work of electrical distribution from large central 
stations. 
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The Development of Telephone Engineering. — 





By Ancus S. Hrsparp. 

I should consider the thirtieth anniversary of your journal an 
appropriate time to remark upon the widespread and ever-growing 
appreciation of the telephone which has scarcely passed its quarter 
century mark. Born a marvel in electrical art, treated at first as al- 
most an experimental freak, the telephone in its early years traversed 
a hard road. Unknown and unnamed obstacles obstructed it. New 
electrical terms and laws were pushed into existence by means of it. 
Difficulties of all kinds and descriptions were encountered and sur- 
mounted by an enthusiastic and devoted band of men of America, 
who first earned for themselves and gave to the world the title of 
telephone engineer. With no past experiences to guide them, these 
men made technical and electrical -history as they advanced. Their 
years of labor have cleared away electrical and mechanical difficulties 
as they have arisen. The telephone has, by reason of their work, 
been proved to be the great time saver, and it would be difficult to 
exaggerate the millions of hours saved daily by the millions of people 
who now avail of its service. Ever ready at hand, on the desk, in 
the room, by the fireside or bedside, the telephone, by reason of 
skillfully designed systems and well-trained service brings, in 
America, the greater part of a continent within speaking distance. 
Ten years ago a city having 10,000 telephones in service led the 
world. To-day there are several single offices in New York or 
Chicago accommodating the service of more than 10,000 instruments. 
The tremendous value to the public of such an extended and unified 
service can scarcely be overestimated. New York with 120,000, Chi- 
cago with nearly 80,000, Philadelphia, Boston, Brooklyn, Cleveland, 
Cincinnati, St. Louis, Omaha, Kansas City, Minneapolis, and all 
other leading cities of the country, following closely in good pro- 
portion to their population, these and more than 20,000 other cities, 
towns and villages directly connected by long-distance lines, all 
within earshot, represent an intercommuncating service and system 
never before equaled nor even dreamed of; while the Pacific Coast 
with a system of more than 40,000 telephones, centering in San 
Francisco, is equally developed throughout an area nearly 2,000 miles 
in extent. 

It is not inappropriate that these hundreds of men who have de- 
voted themselves untiringly to the work should at this time review 
the great and accomplished factor they have been building, nor that 
others in contemplating it should realize that it represents to-day the 
accomplishment of thet devoted and able technical force now widely 
recognized throughout the country as telephone engineers. 





The First Edison Isolated Lighting Plant on Land. 





By Frep’k A, SCHEFFLER. 


You ask me to give you some personal reminiscences of interest- 
ing periods or occurrences in regard to my connection with the 
electrical business. I cannot recall anything perhaps which will be 
of more interest than to state briefly an outline of what I believe 
was the first private house isolated plant installed by the Edison 
Company twenty-two years ago. 

This plant was put in Mr. W. H. Vanderbilt’s residence, corner 
of Fifth Avenue and Thirty-first Street, during the summer and fall 
of the year 1881. It was located in the basement of the beautiful 
new mansion, which he completed about that time. 

The appurtenances consisted of two 60-light old “Z” type Edison 
dynamos, having a combined capacity of 120 16-cp, 110 volts, with 
a countershaft on the floor connected by belts to two 6% x 8 high- 
speed Armington-Sims engines. The steam was supplied to these 
engines from a locomotive type of boiler designed especially by the 
writer to fit the circumstances and the space available. It was 
built by the Baldwin Locomotive Works, and covered with wood 
and Russia iron lagging with brass bands. 

The house was wired for over 1,000 incandescent lamps, 16-cp 
each, and as it was the intention even as far back as that date to 
supply eventually that part of the city with current from a central 
station, the mains were carried in the vicinity of the street for 
future connections; and as the wiring was done on the old two-wire 
system, these mains consisted of a bunch of small wires of such 
a number that the combined size of each main was about three 
inches in diameter. 

As it was impossible to operate more than 120 ot 130 lamps 
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at any one time from the isolated plant, the various rooms could 
not be lighted at the same time, and this would have proved to be 
a decided annoyance to the owner, if the plant had remained in 
the building for any length of time. For the purpose of illustrating 
what could be done with electric lighting for private houses, the 
results obtained were eminently satisfactory. The arrangement was 
objectionable from the standpoint of the owners, particularly the 
ladies, who did not like the idea of living in a house where there 
was so much noise from the machinery, and especially with a boiler 
carrying 120 pounds of steam pressure. The whole machinery was 
removed by the Edison Company before the owner ever occupied 
the residence. 

One very interesting result of the test and exhibition of this 
lighting plant occurred one evening when the owner and friends 
had been invited to make an inspection. Just before the visitors 
arrived, tests of each room were made by turning the lights on and 
off from the switches located at convenient points on the walls of 
each room. Everything was found perfectly satisfactory, with 
the exception of one room on the second story front facing Fifth 
Avenue. This room was beautifully decorated with “cloth of gold” 
on the walls. The lighting was effected by single pendants upon 
the ceiling and two or three side lights or brackets. The latter 
were combination fixtures, arranged with wires to light the gas 
also by electricity. In this room when the switch was turned on 
the most beautiful effect was noticed of the current traveling all 
around the room on the wall and in one place this “cloth” was 
cut from a side bracket down to the wainscoting as clean as though 
it had been cut with a knife. It was, of course, discovered that 
there was a short-circuit between this particular bracket and some 
other part of the room; but whether the fault was due to defects 
in the Edison circuit, or to the plumbers who installed the gas 
fixtures, or to the parties who put in the gas lighting wires, could 
not be discovered. The Edison Company paid for a considerable 
amount ‘of repairs which were necessary to the decorations in the 


room. 





The Field as Seen by One Who Worked With 
Farmer. 





By Georce A. HAMILTON. 

I want to congratulate the ELecrricAL WorLp AND ENGINEER on 
the completion of its third decade in electrical journalism; on its 
magnificent success—the compensating return for the sacrifice made 
by its founder—and on its active and faithful chronicling of the mar- 
velous electrical progress that has been made during this period. 

When I recall that thirty years covers almost the beginning, de- 
velopment and maturity of the electrical industries of to-day, I find 
it difficult to realize the fact. Yet such it is. All are, with slight 
exception, embraced within the lifetime of this publication. 

The dynamo had made its appearance only a little while before. 
Previously, too, the telegraph and electroplating occupied almost 
alone the entire electrical field. 

At that early day it was my good fortune to be associated with 
Prof. Moses G. Farmer at Boston. He had simultaneously, with 
Wilde, applied the self-exciting principle to the dynamo and was 
then actively engaged in the manufacture of various types of ma- 
chines for electroplating, lighting, torpedo and telegraph work. 

At this time, too, Prof. Bell began his preliminary experiment, 
which later gave us the speaking telephone. I was an enthusiastic 
participant in some of these, and recall with interest now the fatherly 
caution then received, not to allow myself to be unduly carried away 
by some of his theories. 

The giant strides that have been made in so many directions since 
are familiar to all. They have been duly noted in the ELEctricaL 
Wor.Lpd AND ENGINEER and in its contemporaries. Few then realized 
the force and the magnitude to which these varied interests would 
attain or realized the vast amount of capital they would employ. 
Tesla’s communication with Mars, in fact, appears hardly less pos- 
sible now than wireless telegraphy, for instance, did then. Loomis 
meanwhile has been forgotten. 

It is but a step to speculate on the future. Will the next thirty 
years show progress as remarkable as the past? Who can say? 
At the beginning of the period just elapsed there were comparatively 
few workers in the field. The number to-day is multiplied many 
times over. They are young, energetic now, far better equipped, 
theoretically at least, than their predecessors. They have, moreover, 








Pf 
3 










































































x 
& 
; 








A 
ona 
hy é: 





MARCH 5, 1904. 


the incentive of the latter’s accomplishments and emoluments before 


them. It would be strange, indeed, if they failed to score high. 


Success to them! Success and long life also to the ELectricaL 


Wor LD AND ENGINEER, that it may continue to record and promulgate 
their achievements as well! 





An Era of Electrical Expansion. 





By Henry A. REEp. 


I wish first to congratulate you that you were not born earlier. 
As great men depend for development upon great opportunities, 
which great events furnish, and the favorable issue of great events 
depends upon the genius and fidelity of the great men whom they 
arouse to action, so a great journal to succeed must be called into 
being by necessity and must minister to that necessity. Prior to 
your advent, electricity was used commercially only in telegraphy 
and the principles therein involved, or at that time being discussed, 
were not sufficiently great, intricate or numerous to inspire, or the 
dependent industries sufficient to support, a first-class electrical 
journal. The developments which rapidly followed furnished plenty 
of material for your consideration, and from the general appearance 
the commercial results have kept most of your attachés far removed 
from the want of worldly comfort. 

The different system of multiplex telegraphy were being more dis- 
cussed, the arc light was demanding recognition by capitalists, and in 
1876 the success of the telephone was established by its exhibition at 
the World’s Fair in Philadelphia. In 1879 Edison had the incandescent 
light in commercial shape. A little prior to this date he had per- 
fected the electric pen and had introduced the phonograph. All of 
these and other inventions relative to light, heat and power required 
factories for the manufacture of the instruments and attachments 
necessary for their operation and supply stores for their distribution 
among the numerous and eager customers. 

The effects of the magical powers of electricity were nowhere 
more noticeable at this time than upon the people. It seemed as 
though everyone not fossilized was electrified and ready to swallow 
almost any kind of a pill with an electric coating. 

Prior to your advent very few of our schools or colleges had 
special courses in physics. Civil engineering had been taught at 
West Point and at the Troy Polytechnic for several years, and 
Stevens Institute of Technology for mechanical engineering had 
been opened in 1871; but the rapid developments in the science of 
electricity demanded not only organs but more schools, and our 
colleges and universities in great numbers vied with each other in 
their haste and in the completeness of equipments to meet the de- 
mand. Well do I remember when the degree of Civil Engineer was 
scarcely known in this country. 

Our old surveyors could run boundary lines or levels for canals 
and railroads, but knew little about building bridges or dams. High 
Bridge and the first Croton dam were built about 1840, and considered 
the greatest engineering works of this country. High Bridge an- 
swered its purpose, but the dam was carried away by the next spring 
freshet, because the foundation was not properly secured. 

Since railroads must have bridges, and rivers must be dammed, 
the young men who were competent to superintend the operations 
could wear high collars and flowing sleeves (then the rage) which 
few of their companions could afford. The result was that the Troy 
Polytechnic was crowded with young men dreaming of high collars. 
This may have had something to do with starting the great collar 
industries in that city. Unfortunately, for some of the young men, 
railroads did not multiply as fast as civil engineers, and before your 
début the market was overstocked with the latter. 

The rapid development of electrical inventions and electrical in- 
dustries have had a similar effect upon the young men coming upon 
the stage during your existence, and an over-abundance of electrical 
engineers might seem to be feared. But by expansion and im- 
perialism our country is much larger and richer than at the time 
of the civil engineer boom, and there appears to be plenty of room 
at the top of the present ladders, with higher peaks already in sight 
awaiting for ladders and for men. 

That the ELEctricAL WorLD AND ENGINEER may keep in the future 
as it has kept in the past, abreast of the front line in every advance, 
is the earnest prayer of one who was in the harness a quarter of a 
century before your advent. 
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The Evolution of Dynamo Design. 





By Davin B. RusHMorE. 

HE science of dynamo design dates from the discovery, by 
Faraday and Henry, independently, of the law of electro- 
magnetic induction, which states that the electrical pressure 

generated in a coil of wire, by relative motion between it and a mag- 
netic field, is directly proportional to the rate of change of inter- 
linkages of turns and lines of force. The evolution of this science 
has been a steady growth in which a process of continual differentia- 
tion has taken place. An increasing knowledge of electrotechnics 
and of the qualities of material employed, has given an ever-grow- 
ing precision. Applications to numerous fields for the transmission 
of power and intelligence have given to dynamo machinery and 
allied apparatus a field of utilization never before equalled, and the 
stimulus of a world-wide competition has transformed the subject 
from one of technical interest to that of a commercial consideration 
of the greatest financial importance. 

The original apparatus contained the embryo of the present alter- 
nating-current transformer, but the infant dynamo appeared so 
soon afterwards that both may be said to date from the year 1831. 

LIMITS TO DESIGN. 

As electrical machinery is designed with regard to the limits im- 
posed by the conditions of operation, it is at the factors affecting such 
limitations that we should look to understand the lines of develop- 
ment on which progress has been -made. An increase in temper- 
ature under load, due to energy losses in copper and iron, is found 
in all electromagnetic apparatus, and the point at which the insula- 
tion is injured determines the maximum allowable heating. Besides 
this common attribute that of regulation of voltage in generators 
and of speed in motors is next in importance. All commutator ma- 
chines, both direct and alternating current, have, as a property of 
first importance, the subject of satisfactory commutation. Standards 
have undergone great change. What was satisfactory fifteen years 
ago in regard to the heating, regulation and commutation of dynamo 
machines would not be accepted to-day. Also in different countries, 
and with different manufacturers and users in the same country, 
the requirements in these respects varied widely. Fortunately, engi- 
neering societies are fixing the standards for classes of apparatus and 
conditions of service, thus bringing about uniformity in regard to 
designing limits. 

DIRECT-CURRENT GENERATORS. 


The limiting conditions in design of direct-current generators are, 
in order of their importance, commutation, heating, regulation and 
efficiency. 

Commutation.—Faraday’s first machine, shown in Fig. 1, was a 
unipolar. The simple collecting rings of the early machines were 
easily changed to two-part commutators. The many interesting ex- 
perimental machines which formed steps in the early development 
had little of real design about them. The mechanical construction 
of the commutator, now one of the greatest arts in dynamo building, 


-was the source of much trouble as machines increased in size. 


Different materials, iron, brass, gun metal and various alloys of 
copper were used for bars, and a still larger variety of insulating 
substances between segments before copper bars and micanite insula- 
tion became standard. Sparking was regarded as a necessary evil 
and as long as the machine operated at all it was considered more 
or less satisfactory. The early magneto machines, as well as those 
of Siemens, Pacinotti, Gramme, Brush and Thomson, possessed great 
armature inductance, but where the outputs were small this caused 
no serious sparking; and, when it was necessary in the larger gen- 
erators, special means, such as air blasts at the brushes, were used 
to prevent harm. When the manufacture of dynamos reached a com- 
mercial stage, about the only point in design which was considered, 
was to keep the pole arc down to a certain percentage of the pitch. 
These machines, such as the Edison bipolar type, were surface- 
wound, smooth-core armatures with large magnetic air-gaps and the 
brushes were shifted with load when necessary. 

Designers then began to study armature reaction and a large 
number of different pole constructions were tried. A rule used in 
designing was to keep the induction in the air-gap under the weak- 
ened pole corner above 1,500 for drum armatures and above 2,500 
for ring armatures. The maximum voltage between bars was fixed, 
but as this is in reality no criterion of commutating ability, it natur- 
ally varied greatly, being taken later at about 25 volts for an average 
value. A careful study was made of armature reaction, and mag- 
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netic air-gaps were then proportioned to give desired relations be- 
tween armature reaction and field excitation at full load. Also the 
amperes per inch of armature circumference were used to judge 
commutating ability. Railway work, with its suddenly varying loads 
and calling for fixed position of commutation introduced the carbon 
brush. High resistance commutator leads were tried and a great 
number of special armature windings, such as the Sayers, and com- 
mutating lugs and pole face windings, as in the Thompson-Ryan 
machine. A careful theoretical study of the very complicated phe- 
nomena of commutation was made by several men, among whom 
must be mentioned Prof. E. Arnold, and the various factors which 
affect this action were expressed mathematically. The inductance of 
the armature coil while passing through the period of commutation, 
was discovered to be of vital importance and many experimental 
results and rules deduced therefrom have been published. The com- 
putation of what is termed the “reactance voltage” of the armature 
coil is now one of the important determinations in the present design 
of direct-current machinery. By making a few allowable assumptions 





FIG. I.—FARADAY’S FIRST MACHINE. 


and where we have but one turn per coil, the reactance voltage is 
conveniently expressed by the formula: 
it = 2-8 Seo << ei. S x ied de” 

Ex. = reactance voltage, VB = no of bars in commutator, Jc = am- 
peres per conductor, /e” = length over armature iron in inches, and 
S the revolutions per minute. A large number of generators and 
converters have been designed using this rule, and it has been found 
very satisfactory. It must be remembered, however, that it considers 
but one of the factors, and the limiting value will vary with such 
quantities as percentage of pole arc, distortion of field from armature 
reaction, kind of armature winding, number of conductors per slot, 
number of segments covered by brush, form of slot, ratio of length 
of idle to active conductor, kind of brush and resistance of armature 
coil, commutator leads, brush contact, etc. 

The subject of commutation is now one of great theoretical and 
practical interest, especially since the appearance of the alternating- 
current series, repulsion and compensated motors with commutators. 
A very careful study is at present being made and the theory has 
advanced far beyond the point here indicated. It is now possible to 
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pre-determine the curve of current change in the coil with fair pre- 
cision, and when this can be done the subject has passed from em- 
pirical rules to the domain of exact science. 

Heating.—All electrical machines are subject to heating and in 
many cases the output is limited thereby. It is the result of inev- 
itable copper and iron losses—either of which may be nearly constant 
or vary as some function of the load—and the temperature reached 
must not exceed the point where insulation receives permanent in- 
jury. Generators, motors and transformers are now designed in 
this respect with attention to the particular conditions of operations, 

Early machines were designed for heating by fixing the current 
densities, and temperatures reached were abnormal. The field coils 
were in some cases covered with heavy rope and protection from 
mechanical injury took precedence over heat radiation. The large 
number of magnet designs used required field coils of various forms 
and constants for temperature rise varied accordingly. Rules for 
the determination of magnet windings for given heating and mag- 
netizing power have been and are still numerous, although applicable, 
with precision, only to machines similar to those from which the 
data were obtained. 

Multipolar construction did much to improve field coil ventilation 
The poles have been lengthened to allow exposed ends on both shunt 
and series coils, bobbins have been removed, ‘and ventilation secured 
inside the coil by using round coils with rectangular or elliptical 
poles, heavy shunt coils have been ventilated by dividing them into 
two parts, making four exposed ends, or by leaving a cylindrical 
space one-half inch wide lengthwise through the middle of the coil. 
The varnished round wire has, wherever possible, given place to 
square and in some cases where the round is used the interstices have 
been filled with a compound to aid in conducting heat from the center 
of the coil. By painting the coils black radiation is at its best, and 
by placing ventilating ducts through the armature, and especially 
at the ends, also by considerably raising or sinking the fibre wedge 
in the armature slot to make the cylindrical surface rough, and by 
running the core at a high peripheral velocity, a maximum quantity 
of air is circulated most efficiently around the field coil and the dis- 
sipation of heat by this means is obtained with the highest degree 
of effectiveness. 

Excepting the pre-commercial forms and arc light machines, the 
early type of armature was a long, smooth core, covered with wires 
and the cross connections lapped irregularly at the ends. The heat- 
ing of different coils varied greatly and the iron core was entirely 
covered by the winding. Multipolar types allowed internal core 
ventilation, brought about symmetrical and well-exposed end con- 
nections, and increased the armature diameter while diminishing the 
length. Toothed armatures exposed the core surface, brought some 
ventilation through the exposed ends, which was increased when 
the: supporting flanges were omitted, and brought the winding and 
core more closely in contact, thus equalizing the temperatures be- 
tween the two parts. Increase in capacity necessitated ventilating 
ducts in the core and these have been increased in number, and in effa- 
ciency, by dispensing with the cast plate supporting the separating 
fingers and attaching the latter directly to the extra heavy adjacent 
laminations. By proper mechanical construction the direction of 
the currents of air set in motion by the armature has been guided 
so as to give a maximum cooling effect for the energy lost in windage. 
Great reduction in heating and increase in output have thus been 
obtained by extensions of the armature end plates and by webs placed 
on the arms inside the core and on the outside of the end plates 
under the open cylindrical surface of the cross connections. 


BRUSHES AND BRUSH HOLDERS. 


Excellence in electrical design is of no avail unless accompanied 
by goodness in mechanical construction of commutator and brush 
holders. The necessity for using insulation in its construction, the 
considerable mechanical stress to which it is subjected and the great 
variations in temperature which it must undergo, all tend to make 
the large commutator the part of dynamo construction requiring the 
greatest care. The electrical design of commutators has had to do 
with voltage between bars, with numbers of bars between brushes 
and pitch on commutator, with current density at brush contact, with 
best brush pressure for the peripheral velocity of commutator, with 
the heating from friction, contact resistance loss and stray eddies, 
with the insulation of the segments from the spider, the thickness of 
the segments and insulation between them. Refined electrical com- 
mutator design is of recent origin. A great many machines have 
been designed by assuming the volts between bars, width of brush 
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and contact density. It is true with low-speed commutators, which 
existed before the days of converters, this may have been satisfac- 
tory. It is, however, at present necessary to make a detailed calcu- 
lation regarding the heating of the commutator as well as the condi- 
tions of commutation. 

The use of brush resistance as a factor for successful commutation 
has changed the metal brush to one of carbon. Here for the last 
decade a refinement has been in process to suit the resistance, size 
and lubricating qualities-of the material to the special conditions 
under which the brush is to be used. Carbons and graphites, with 
various mixtures of lubricating compounds and cementing materials, 
with and without copper gauze as the carbon, and having undergone 
various heat treatments, are now the material used for nearly all 
brushes. 

The early brush holders were simple, giving pressure to brush 
and affording contact for taking off the current. The history of this 
device shows a wonderful fertility of invention from which a few 
simple forms have survived. The subject is one requiring illus- 
tration for treatment. 

DIRECT-CURRENT ARMATURE WINDINGS. 

The subject of armature windings may be said to date from the 
inventions of Pacinotti and Gramme. The ring-wound armature 
was followed by drum and disc types. A large number of ingenious 
and interesting windings have been devised. With large outputs but 
few of these have been successful and in this country but two or 
three varieties are seen. The possibilities of connections with differ- 
ent armature windings has been thoroughly worked out, principally 
by E. Arnold, and equations for many possible arrangements have 
been given. When the conditions for commutation are considered 
only the simplest types of windings are practicable. Parallel and 
series or lap and wave windings are the only ones which give satis- 
factory results. European makers still employ combinations of 
these, but in this country such exceptions are seldom found. Chord 
and pitch arrangements of coils are used, dependent upon manu- 





FIG. 2.—3,700-KW GENERATOR. 


facturers, type of machine and subdivision of winding. When out- 
puts began to exceed a few hundred kilowatts, the series winding 
became impossible and parallel windings have needed ,equalizing 
rings. The use of these is general and is very satisfactory. Modern 
designing is characterized by subdivision of reaction and heat gen- 
eration, so we have small conductors, with but few in a slot, many 
poles, smallest possible number of turns per coil, maximum numbers 
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of bars between brushes, large diameters, short lengths, small sec- 
tions, etc. 
DIRECT-CURRENT GENERATORS. 

The form of field magnet has undergone great change. The two- 
pole wrought-iron structure has been changed to almost every pos- 
sible shape by different makers. The greater economy in use of ma- 
terial in multipolar types for large sizes has resulted in the standard 





FIG.. 3.—REVOLVING-FIELD GENERATOR WITH DIRECT-CONNECTED EX- 
CITER, BUILT IN FRANCE ABOUT I88o. 


form of to-day. Curiously enough, some English manufacturers 
still cling to the old bipolar construction for large units. 

Wrought iron was at first almost exclusively used for magnets. 
This was followed by combination circuits of which cast iron formed 
a part. The art of casting steel is of recent development and has 
had a wide application. The best steel castings are now magnetically 
equal to wrought iron. The critical saturation point of steel, its 
greater conductivity for eddy currents set up by a varying flux, the 
disparity between necessary sections for magnetic and mechanical 
reasons with large diameters, some uncertainty with regard to its 
manufacture and a lack of magnetic retentiveness and stability have 
caused some manufacturers to substitute cast iron for its use for field 
yokes, while for pole cores it is still employed. Rectangular lami- 
nated poles cast into iron yokes are also used. 

External revolving armatures have almost disappeared. Compli- 
cations in design of special pole shapes, compensating windings, 
peculiar magnet forms and unusual armature and field windings con- 
tinually appear, but as yet none have been able to supersede the simple 
form which is standard to-day. 

ALTERNATORS. 

Formerly engineers were divided into two classes in regard to the 
form of current supply which they advocated, and many were the 
controversies as tothe relative merits of direct and alternating cur- 
rents. The wide application of the latter awaited a successful motor. 

In this country the first commercial alternators had smooth-core 
armatures with flat pancake coils, external yoke and radial internal 
poles. The periodicities used were 125 and 133 cycles. These ma- 
chines ranged in output from approximately 50 to 200 kw. The yoke 
and poles were of one piece of cast iron and owing to the single- 
phase reaction became very hot. Owing to limitations of pole forms 
for these high frequencies, and also to the fact that the armature 
cores were surface-wound and mechanical conditions necessitated 
certain clearances, these early machines were possessed of excellent 
regulating properties. 

The pulsating single-phase armature reaction made it desirable 
to use laminated poles, which were cast into the iron yoke. Wear 
of bearings which allowed the winding to strike the poles, or the 
accidental falling of some small body on the armature core, would 
so completely strip off the surface winding that the next change was 
to use an armature having as many large teeth as the field had poles 
and to place the wire in large coils on these teeth, pressing them 
under the extended edges and holding them in place by wedges 
driven between two adjacent coils. The first so-called polyphase 
machines in this country consisted of two such single-phase ma- 
chines with armatures displaced with respect to each other. While 
a great advance mechanically, the concentrated armature winding 
and the great pulsation in reluctance of magnetic circuit gave bad 
regulation and a very irregular wave form. An alternating-current 
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generator of this type for series are lighting was developed, by giv- 
ing it an abnormal armature reaction. The “plus two type” of poly- 
phase generator, in which the armature had two teeth more than 
the field had poles, was developed and with these was tried a com- 
puunding ofthe machine by use of a series transformer, a two-part 
commutator and an additional field winding. The increasing de- 
mand for polyphase machines and the necessity for good wave form 
and regulation brought about a distributed armature winding; the 
frequency in the meantime dropping to 60 cycles. 

At about this time a great jump was made and the Niagara type 
of generator with its internal stationary armature and the umbrella 
like external revolving field with inwardly projecting poles brought 
with it the use of 25 cycles. 

The last step in the development of this type of alternator has 
been to make the armature external and stationary and to revolve 
the internal field. This construction allows the armature to be 
wound for high voltages and to possess an unbroken electric circuit. 
The wire field winding has been changed to a copper strip bent edge- 
wise, and with the improvements in mechanical and electrical design 
we have the present excellent revolving field generator. 

In Europe the course of evolution has been somewhat different, 
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FIG. 4.—MODERN ENGINE 


embracing as it did such types as those of Mordey, Ferranti and 
Kapp. The result has, however, been the same. 

Many different devices for compounding of alternators have been 
devised, but these have in most cases been extraneous to the gen- 
erator. 

The inductor alternator was early in the field and was for a time 
decidedly superior to machines which existed contemporaneously 
with it. The absence of moving wire and sliding contacts, the ex- 
ternal stationary armature, the single field coil with its small waste 
of energy, the almost perfect wave form, excellent regulation, high 
efficiency, good ventilation and capacity for standing abuse of all 
kinds, gave it decided advantages. To those who follow closely the 
development of any path of progress, the influence of fashions as 
opposed to reason cannot but be apparent. So the fad for revolving- 
field generators which existed in this country and abroad is now giv- 
ing place to a reasonableness which leaves the inductor alternators 
admittedly superior in some fields, equally as good in many and in- 
ferior only in few. This refers to the nature of the machine. Com- 
parisons of specific designs can be fairly made only when all factors 
are considered. 

Early generators were of the belted type and 200 kw was considered 


a large unit. Then came a demand for engine-driven sets, which 
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was reasonable within certain limits; bat which for combinations of 
small output and high frequency was an expensive.taste to gratify. 
Water wheel sets have been made for speeds determined in’general 
by hydraulic conditions and these have and always will be, to a 
considerable degree, special machines; 300 kw is near the limit for 
belted machines. Engine-driven alternators have been made up to 
5,000 kw and over 40 ft. in external diameter, which is probably the 
limit as regards size. The new turbo-alternators which promise soon 
altogether to displace the engine units, naturally run at much higher 
speeds and are smaller in dimensions; 10,000 kw has been the largest 
water wheel alternator built. 

From the early periodicities of 125 and 133 cycles, the change came 
to 60 and 66 to allow the use of motors and.to save in line inductive 
drop. The Niagara installation and the use of converters introduced 
25 cycles and the projected use of series alternating-current motors 
has caused one plant to be designed for about 17 cycles. Many gen- 
erators have been built for odd frequencies as 62.5, 50, 40, 33 and 30 
p.p.s. Abroad 50 and 100 cycles are the common usage. 

The most important characteristic of the alternating-current gen- 
erator is its property of inherent regulation. With but few excep- 
tions this largely determines the design. Formerly a large number 
of ratios were used to express this value, but it is now taken as the 
ratio of the increase in terminal voltage from full load to no 
load, with constant speed and excitation, to the full load voltage. 
Regulation is to alternating-current design what commutation is to 
direct, and many of the elements in both are common. The principal 
factors which affect regulation are a variation in the useful magnetic 
flux due to the demagnetizing influence of the armature; a distortion 
of the magnetic field, due to the cross turns, which changes the 
form factor of the induced wave of e.m.f., the reactance of the 
armature winding and the real and apparent resistance of the same. 
These quantities, with the exception of the armature resistance, vary 
with the power factor of the load and also, at any given power factor, 
vary through a cycle. Methods for predetermining the regulation 
have been developed simultaneously with improved methods for 
obtaining the same in the design of the machine. It is impossible 
to test large generators under actual load conditions before they 
are installed, and some method of calculation from test results is 
necessary in order to determine if the guarantees in this respect have 
been met. Also it is extremely important in estimating the conditions 
of excitation for different load and. power factors. 

The first method was to run the machine on short circuit and 
from a determination of the synchronous impedance calculate the 
fictitious value of the generated e.m.f. which gave the regulation, 
and, with the saturation curve, determined the exciting power. The 
next was to consider the magnetomotive forces obtained in this way, 
and to take the final e.m.f. from the saturation curve. A later re- 
finement has been to separate the effects of self-induction from those 
of armature reaction, and to use a combination of the above methods. 
Many other methods have been proposed and discussed. 

When used with reference to the particular type of machine, the 
above methods give more or less accurate results for non-inductive 
loads; the combined method, if good judgment is used in estimating 
the reactance, gives fair results for power factor loads as well, but 
after a large amount of discussion the subject is still in an unsatis- 
factory state. 

The changes in design to secure good regulation have varied with 
different manufacturers. Some have distributed the winding while 
partly enclosing the slot, and use low reactions and a nearly straight 
saturation curve; low reactions bringing small exciting power but 
large iron sections and producing a heavy machine. Others use open 
slots with heavier windings on armature and field, a somewhat sat- 
urated magnetic circuit, and obtain thereby a lighter machine. 


ALTERNATOR ARMATURE WINDINGS. 


Early single-phase generators had all coils in series for 2,200 volts 
and the two halves of the armature in parallel for 1,100 volts. Some 
early polyphase machines possessed closed windings with taps brought 
out for the number of phases desired. Many two-phase generators 
were wound, as is present practice, with two single-phase windings 
each occupying half of the armature surface. 

Three-phase windings are connected either star or delta. With the 
latter connection care must be taken to see that no pronounced third 
or ninth harmonics exist, which might cause a circulating current to 
flow in the short-circuited delta. This has never been found to any 
marked degree with inductor alternators, and where, in the revolving 
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field type, some current may exist, the design of the machine renders 
it practically harmless. 

As in direct-current generators, alternators may have series or 
parallel armature connections. The coils may be connected in 
groups and these groups may be connected in either series or par- 
allel. Naturally a large number of’ peculiar windings exist, but 
only the simpler ones have found wide application. The slot con- 
tains one or two coils and we have either a barrel or a chain winding. 

Increasing outputs, necessitating larger conductors and the use 
of higher tooth densities, have brought about the use of rectangular 
stranded cable for armature conductors. This is sometimes used 
in conjunction with solid bars in the bottom of the slot. Square 
copper wire was developed for space economy and has had much 
use for armature windings. For many cases a special rectangular 
conductor of dimensions determined by the specific design, offers 
the best solution. 

The early machines were wound for 1,100 and 2,200 volts. This 
was later changed in some installations to about 400 volts. Improve- 
ments in insulating materials and the desire to save the cost of step- 
up transformers have resulted in machines wound for all voltages up 
to 13,000, which is the highest standard in this country to-day; 
6,600 volts are common practice for large installations and 13,000 
volts are rapidly becoming so. 

The design of alternators for parallel operation has been a recent 
advance. To provide means for quickly damping any oscillation is 
the element of success in devices which have been employed on the 
generator itself. The problem of such operation, while successfully 
solved, involves much besides the electrical relations. The latest 
European designs include induction and compensated machines of 
various types which are still in an experimental stage. 

The great change which has taken place in dynamo construction 
is shown in the accompanying illustrations. Fig. 1 is Faraday’s first 
experimental machine, and Fig. 2 the largest direct-current generator 
built—the 3,700-kw machine at Boston. Fig. 3 shows a revolving-field 
type polyphase generator with direct-connected exciter, built in 
France about 1880, and Fig. 4, a modern engine-driven alternator 
of 2,000 kw. 





Reminiscences of Work on Electrical Patents. 





By Epwarp P. THOMPSON. 

“Whatever the title may be, the subject matter always includes tem- 
perance,” I once heard remarked about John B. Gough’s noted hu- 
morous lectures. Similarly, whatever generic title is proposed to me, 
the specific title must be inventors or inventions. This time it will 
be both, by way of variety, omitting names, for fear their owners 
might possibly object. 

First, I would like to tell about the narrow escape of a wealthy 
electrical inventor, who, when not rich, had informed me that he 
wanted to live in a $50,000 residence. He has since owned two such 
villas. While rooming with him in the same suite many years ago, 
I heard moaning and groaning, one night, and I found him only 
able to say that he was dying, and that, during the day, while experi- 
menting with vacuum pumps, he had swallowed a few drops of mer- 
cury, by sucking on the end of a tube, terminating in that metal. 
“The tube was vertical and forty inches long!” he exclaimed, “and 
yet I thought mercury would rise only thirty inches, even by full 
atmospheric pressure.” A little mustard cured him. The next day 
he engaged his’patent solicitor to apply for a patent on the conception 
of a pump operating upon an alleged new principle, which was dis- 
covered by his being poisoned nearly to death. 

Inventors are often in such a hurry to test an idea that they do not 
take the necessary time to collect and construct the proper apparatus. 
Incandescent electric lamp vacuum pumps were all the rage with in- 
ventors of a quarter of a century ago. I had occasion to visit one of 
our five most prominent electrical inventors. On my way to his 
laboratory I pictured to myself the luxury of the facilities that must 
certainly surround him. The amount of capital he could call upon 
was practically unlimited; his record as a great inventor had been 
long established, and he had been awarded many patents. I found 
him alone in a barren room ten feet square. The lamp bulb which 
was being exhausted (?) was suspended by a string from the ceiling. 
No carpenter had been ordered to construct a shelf to hold an iron 
reservoir containing about five pounds of mercury. No, the inventor 
held it up high with one hand while with the other he raised and 
lowered a tomato can full of that heavy metal. The glass tubes, 
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mostly iron gas pipes—if I may perpetrate an Irish bull—had been 
patched together at a hundred different points by himself or some 
other amateur. “Crude, crude, crude,” I said to myself. “Just trying 
to see if the principle is O. K.”, he remarked, apologetically, as if he 
could read my thoughts by my expression. 

The generosity of another one of the “Electrical Five” was almost 
incomprehensible. On one occasion I inquired casually what result 
would follow from certain technical speculations. “Try it,” he re- 
plied, instantly. “It is all very well for you to say to experiment, but 
I have no adequate facilities,” I responded. ‘“Use my laboratory,” 
he urged. “A week or more would be required,” I answered. “Take 
as long as you please,” he said. For ten alternate days, although a 
suit of clothes which became saturated with odoriferous red oxide of 
nitrogen in the chemical room had to be thrown away; although the 
smell of gas from the Bunsen burners in the glass glowers’ depart- 
ment was rather asphyxiating; although not only my hands but my 
face became black in the tool room, and although the mercury vapor 
in the pump room was appreciably salivating, yet I was blissful. 

Inventors and their backers sometimes appear ludicrous. I re- 
member the sight we once created at an electric brake test, ten years 
ago, while we were riding through the country for a few hundred 
miles. The villagers and farmers stared, not only with wide open 
eyes, but with wide-open mouths, at a train made up of dilapidated 
and abandoned freight cars, dotted here and there, on top, by men 
wearing silk hats and frock coats. Contrasted with the freight cars 
was a new Pullman car in the middle of the train. More dress hats 
were on the locomotive—or more accurately stated, were on men 
who were on the locomotive. While still staring, the spectators 
witnessed an emergency stop, and glossy high hats flying through the 
air by their own momentum. In those days, only when all on board 
were knocked down, was the brake pronounced highly efficient. 

The popular or non-technical mind is more observant in experi- 
menting than we sometimes give it credit for. One day, while 
making some tests, my father appeared on the scene. I was adjust- 
ing the aerial wires and connecting up the wires between the relay, 
battery, coherer, etc., etc. The wires were long and snarled, and, 
therefore, were much in evidence. I thought he might be interested 
to know that all this paraphernalia related to wireless telegraphy, 
so I mentioned the fact. “Wireless telegraphy!” he exclaimed. “I 
never saw so many wires in my life.” 

I congratulate you upon the long and prosperous career of the 
ELECTRICAL WoRLD AND ENGINEER. I measure my technical term by 
its life, for it was in 1874 that I entered Stevens. May many more 
years of usefulness await you. 





The Unknown Nature of Electricity. 





By Major Joun Miztis, U.S. Enc. Corps. 

To me the most impressive thought connected with the extraor- 
dinary advances that have been made in electrical science and in its 
industrial applications during the past thirty years is that the present 
state of the science and its related arts has been attained with so 
little knowledge of the real nature of electrical actions. This sug- 
gests the enormous strides in the number of practical applications, 
in the simplicity and economy of apparatus, and in general efficiency 
that are yet to be expected in case the mysteries of electricity are 
ever solved. 

As to the progress in this direction during the last thirty years it 
must be said that it has not been especially encouraging. On the 
other hand, the newer manifestations of very recent times, or rather 
the interpretations and theories that have been engendered by cer- 
tain recently discovered phenomena, seem to me to have befogged 
the subject rather than to have contributed to its elucidation. It 
is my belief and expectation that the time is not far distant when 
the extensive and somewhat confused collection of data regarding 
electrical as well as all other physical phenomena will be crystalized 
by a generalization of surprising simplicity. Neithersabstract mathe- 
matical research nor complex and illogical assumptions regarding 
the nature of matter will, in my opinion, point the way to the ulti- 
mate solution, but the basis for such solution is to be sought in 
principles that will appeal to the human intellect as simple, prac- 
tical and consistent. I regard the acceptance of such a general theory 
for all phenomena of matter as likely to mark the beginning of the 
next most important period of practical electrical development, and 
I have not yet seen the announcement of anything that looks to me 
as likely to indicate directly the development of such a theory. 
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The Growth and Influence of Electrical Industries. 





By C. A. CorFIn. 

On the occasion of the thirtieth anniversary of your paper, the 
establishment of which was the genesis of electrical journalism in 
the United States, it is interesting to review this period, during 
which the growth of your journal has kept pace with the wonderful 
development of a great industry. The great ability and candor 
with which you have ever recorded the achievements and stimu- 
lated the activity of all workers in the field of electricity has been 
a potent force, 

In 1874, practically the only commercial piece of electrical ap- 
paratus in use was the simple Morse telegraph, followed immediately 
by the duplex and Edison quadruple instruments. While the arc 
lamp, the telephone and the incandescent lamp had all made their 
appearance a few years earlier, it was not until 1886 that the electric 
railway motor came to be regarded as possessing commercial pos- 
sibilities. Thus, springing from an experimental laboratory, there 
have, in twenty-five years, been developed industries which in the 
last year alone have produced over $150,000,000 in manufactured 
articles. That this development is still going on with unabated 
enthusiasm on the part of the engineer, inventor and manufacturer 
is an ample guarantee of continued growth and of more varied uses 
of the electric art. 

New designs of apparatus and devices, embodying physical phe- 
nomena unthought of even four or five years ago, continue to sur- 
prise those intimately associated with the industry, no less than 
they surprise the public. During this evolution there has grown 
up a class of young engineers, chemists and physicists who form a 
body of trained minds unique in the world’s history. There cer- 
tainly is no other field of work where the element of scientific 
knowledge is so influential and essential as in the multifold appli- 
cations of electricity. 

The producers of accessory apparatus and material have been 
forced to come to the electrical standard. To the electrical engineer 
is largely due the present excellence of the gas and steam engine 
and of hydraulic machinery. The maker of iron and steel has 
better learned his product and has brought it to the present high 
quality largely through the requirements of the electrician. The 
present wonderful development of the steam turbine, in whatever 
form, has been stimulated by electrical requirements, and but for 
these demands it would be far less advanced than it now is: 

It has been your good fortune to record the discoveries and the 
growth of the industry, and to encourage it vitally these many years. 
That such a function, so well performed, has been of the highest 
value, none can question, and I express the sentiment of all who have 
watched your career, in wishing that your next thirty years may be 
a witness to and a part of continued progress in the development of 
the electric art. 
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Twenty-four Years in the Edison Lamp Factory. 





By Jonn W. Howe Lt. 

When Mr. Edison concluded that a successful lamp should have 
an enclosing globe made entirely of glass with all joints fused, the 
corollary which at once presented itself to his mind was that the 
lamp must be so durable and so cheap that when it failed it could be 
thrown away. When the Edison Lamp Company was organized Mr. 
Edison fixed the price of lamps at 35 cents, knowing that the lamp 
would cost more than that until suitable manufacturing methods 
were developed. This development has been going on for twenty- 
four years, and still there is work for the engineering department of 
the lamp works. 

In this newly-created industry all operations were done by hand 
by more or less skilled labor. Now machine methods are quite gen- 
eral. The making of carbon filaments and the making and assem- 
bling of the glass parts were entirely new operations. No machines 
existed which could be adapted to the work. The machines had to 
be originated and developed for this work, and they have been. This 
statement is nothing like so impressive as is seeing the machines by 
one who was familiar with the work as previously done by hand. 

The exhaustion of lamps by mercury pumps required from four 
to six hours in 1881. Improvements in pumps and methods reduced 
this to % hour in 1895. Since then by simple piston pump and 
“chemical exhaust” a much better result is produced in one minute. 
The cost of exhausting a lamp at the end of 1882 was considerably 
greater than the total cost of a lamp at the present time. 
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All the glass working operations have been changed from hand 
work by “glass blowers” to machine work by unskilled labor. The 
labor cost of the principal glass operations is now a little more than 
10 per cent. of the cost in 1882. 

Until 1894 all our filaments were made from bamboo, each piece 
passing through eight separate*hand operations. Now squirted cellu- 
lose is used. In this department we now employ 83 operators. If 
we should go back to our bamboo fibre we would require over 2,150 
operators for the same production. 

Photometric methods and apparatus have been wonderfully im- 
proved and developed. The cost of photometric measurements is 
now 9 per cent. of the cost in 1882 with a great gain in accuracy. 

The lamp of 1880 contained at least 30 times as much platinum as 
the lamp of the present day. The amount and cost of glass and other 
materials used have also been greatly reduced. 

The greatest production reached in the Menlo Park Lamp Factory 
in 1882, was 1,000 lamps in a day of 24 hours. The present produc- 
tion of lamps by the General Electric Company is 100,000 lamps a 
day of ten hours. To produce these requires about 3,800 employees, 
of whom 8o per cent. are girls. 

The lamp of to-day is very much superior in quality to the lamp 
made in Menlo Park, a great many improvements having been made 
by careful attention to small details of manufacture, while some very 
considerable steps in advance have been the results of careful in- 
vestigations of phenomena observed in the processes of manufacture, 
and the adoption of new processes or methods. 

The lamps made at Menlo Park for the steamship Columbia con- 
sumed about 100 watts for 16 candles. To-day the standard 16-cp 
lamp consumes 50 watts. The useful life of a 50-watt lamp to-day 
is undoubtedly longer than was the useful life of the 100-watt lamps 
of 1880, and while we have no data for a correct comparison show- 
ing the improvement which has taken place, we can get a good idea 
of it from the fact that the estimated useful life of a 100-watt, 16-cp 
lamp made to-day is over 10,000 hours, which is about as many times 
the probable useful life of the 1880 lamp as the number of elapsed 
years. 

In the future I believe this multiplier will greatly exceed the num- 
ber of elapsed years, for I have entire confidence in the fitness of 
the carbon filament to maintain its place among artificial illuminants. 





The Slowness of Storage Battery Evolution. 





By Rosert McA. Lutoyp. 


In reviewing the scientific literature of the last twenty years one 
is impressed with the vast results recorded to the credit of inves 
tigators, engineers, manufacturers and energetic business men, but 
perhaps we may lose sight of the fact that in this period an immense 
amount of work has been done of which no account exists. Many 
great researches have been prosecuted for definite purposes which 
were unproductive of results of commercial value or scientific in- 
terest and, therefore, not reported. And many able men have wasted 
their time and resources in fields that have proven barren or in the 
study of problems that remain unsolved. 

There are other fields in which great efforts have failed to achieve 
the success hoped for, but where enough has been accomplished 
to form the basis of commercial operations of some importance. 
The storage of energy and electrical energy in particular began to 
attract a great deal of attention about twenty years ago, and a con- 
tinuous search has since been made for materials in which and 
methods by which this energy may be accumulated and reserved for 
future use. Life, reputation and treasure have paid dearly for the 
development of the storage battery of to-day, about which has grown 
up a thriving industry in Europe and America; but it can hardly 
be said that the goal for which electrochemists were striving twenty 
years ago has yet been reached. Research in storage battery science 
is slow for the reason that months and years are necessary for many 
of the experiments. The test of time is also paramount in every 
application of storage batteries to commercial purposes, and while 
there is every reason to expect great development in this branch of 
electrical science and industry during the next twenty years, the 
rate of progress may still seem slow to the readers of this journal. 

I cannot send my congratulations to the ELrecrricaAL Wortp AND 
ENGINEER without expressing my warm regard for its personnel, 
and the hope that the electrical fraternity will continue to have for 
at least twenty years more the encouragement and comradeship of 


its present editors. 
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Fifteen Years of Electric Heating. 





By Jas. I. AYER. 


. Y participation in this work covers a period of a little more 

M than twenty years, beginning at a period when incandescent 

lamps were little more than toys, and the arc lamp had 

reached a stage where we could cheerfully assert that the last lamp 

on the circuit would burn as brightly as the first, no matter how long 

the circuit; and that it required but two-thirds horse-power per 
lamp for their operation. 

To the confiding investor it was later necessary to explain why 
a 50-hp engine was fully loaded driving a 4o-light dynamo oper- 
ating 30 lamps, and he was told that the horse-power consumed by 
the lamp was electrical and not the indicated horse-power of the 
engine. It was then clear to the lay public that the mysteries of 
electricity were not to be compared with anything which had come 
within their ken before. 

To-day when we have children entering college who do not re- 
member any other than the incandescent light in their home, the 
pater stands by watching the electric meter correctly record on 
the dial exactly the number of lamps that are being operated under 
his own observation by the innocent electric meter, which has de- 
veloped such an extraordinary bill. He then realizes that the mystery 
of electricity is as great as ever. 

The remarkable expansion which has taken place, showing prac- 
tical so many new applications and methods that by wise leaders 
from time to time were condemned as impossible or impracticable, 
seems to leave no just ground for any one to predict any limitations 
of the expansion in the future. It is curious in looking back to find 
how few of any proposed electrical branches have failed to make 
good. This to me is the most remarkable element of the history 
ofthis wonderful industry. In almost every instance the toys and 
condemned theories have become important elements of useful 
application. There is hardly a proposition in the way of a new 
development that was considered at all seriously that I can recall, 
except the development of electricity direct from coal, that has not 
justified itself. 

Electric heating attracted attention about fifteen years ago, and first 
efforts were met with that hearty loyalty characteristic of the public 
to everything electrical, and its successful development was fre- 
quently pronounced on hearsay only as an accomplished fact by the 
average electrical “expert” in his usual optimistic way when ap- 
pealed to. Ile could not afford to admit his ignorance; and it was 
safer to endorse the claim. All of this resulted in securing favorable 
consideration for the early elementary products created in a new 
field, at a time when the demands in the older developments for 
both men and money, far exceeded the supply. The result of feeble 
efforts with crudely made products, coupled with the then high cost 
for current, was a general impression, very firmly established, that 
electric heating apparatuses for general domestic and factory appli- 
cations were delicate, expensive toys, which, even if they could be 
improved and made sufficiently good, were impracticable because of 
the cost for operation. 

This swing of the pendulum was wide, and when the development 
of the industry was taken up more seriously the debris of this ad- 
vance guard formed obstacles quite as serious in securing the ear 
of the public as had to be overcome in preparing a more suitable 
and logical product to offer them. Electric heating is one of the 
last of the early developments to “make good,” but in the past few 
years it has made good, and to-day, while it has firmly established 
itself and gained its place in the line of permanent electrical in- 
dustries, its broad and extensive development is just about be- 
ginning. 

While the number of electric heating units in daily service runs 
into many hundred thousand within the next few years the con- 
trast with results developed to-day will be insignificant. It has been 
a slow process putting into service thirty or forty thousand flat irons 
to smooth the way for the work that is to come, but it is something 
of a triumph to put twenty thousand stoves at work baking as many 
thousand crackers every five minutes, developing thereby a product 
that could be produced in no other manner, and yet doing it at a 
cost that puts it on a par with other methods for turning out such 
goods. 

The complete and elaborate equipment of the large Government 
Printing Office in Washington for all special heat requirements, 
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and similar work in a great variety of establishments in other lines, 
are the foundation stones for the beginning of as broad a develop- 
ment in this line as the application of the electric motor if not 
greater. 


- 





Reminiscences of the Universal Exposition of Electricity 
in Paris, 1881. 





By Pror. Henry S. CARHART. 


The Paris exposition of electricity in 1881 was notable for many 
things. The first international Electrical Congress was held in con- 
nection with it, and this congress stands out in the history of elec- 
tricity both on account of the eminence of its members and the re- 
sults of their deliberations. It will be recalled that the theoretical 
definitions of the ohm and the volt were confirmed by this congress, 
and that it added the ampere, the coulomb and the farad. These 
units went into immediate use, and the International Committee 
charged with the determination of the length of the thread of mer- 
cury one square millimetre in cross section and at a temperature 
of zero degrees Centigrade, which should represent in material form 
the resistance of the ohm, immediately began its work. 

The personnel of the congress, which was composed of official 
delegates assembled under the auspices of the French Government, 
was no less notable than the work done. It included many names 
which stand forth with great prominence in the annals of electricity. 
There were Clausius, Helmholtz, Hittorf, Kirchhoff, Siemens and 
Wiedemann, of Germany; Ayrton, Latimer Clark, Crookes, Dewar, 
Hopkinson, Preece, Rayleigh, Kelvin and Tait, of Great Britain; 
secquerel, Cornu, Fizeau, Bouty, Joubert, Lippman, Mascart, Planté 
and Violle, of France; Rowland, of America, and Ferraris, of Italy. 
Alas! How many of these have since died. 

The Paris Exposition of 1881 was notable also for its exhibits. 
[t was the period of the inauguration of great electrical industries. 
One recalls first, perhaps, the exhibits in incandescent electric light- 
ing. The Edison “system” was there, of course, “Jumbo” and all. 
Who had the temerity to predict at that time that in little more than 
twenty years we should see grow out of this as one of the chief con- 
tributing streams the present General Electric Company. When one 
compares the Edison “Jumbo” generator of the Paris exhibition 
with the direct-connected generators of the present, of 5,000-kw 
capacity and upwards, he is impressed with the rapidity of the evolu- 
tion that has taken place, not only in size, but still more in scientific 
and technical development. 

When the youth of to-day hears of Sir Hiram Maxim and his 
fame derived from the design and manufacture of rapid firing guns, 
he is hardly prepared to read that the inventor of the Maxim system 
of incandescent lighting at the exhibition of 1881 was indeed the 
original of the present Sir Hiram. He was then a plain aggressive 
American; he is now a knighted English subject. The year 1881 
may be properly described for him as the period when “knighthood 
was in flower.” 

In 1881 the storage battery was in its infancy. Faure had just 
produced a great sensation by sending a storage cell to Sir William 
Thomson, who had made a rather startling report about it. In the 
Palais de l’Industrie were the exhibits of both Faure and Planté. 
Among my recollections of the distinguished men at the exposition 
none are more delightful than those relating to that charming French 
gentleman, M. Planté. His memory should ever be kept green as a 
pioneer scientific worker of exceptional value. 

Perhaps the exhibit which one recalls now as “bahnbrechend” 
above others was the electric railway installed and exhibited by 
Siemens & Halske. It was indeed only a few hundred feet long, 
and the connection of the car with the trolley wire was of a very 
primitive and uncertain kind. The under-running trolley wheel was 
an invention of a later date; still the exhibit contained the germ of 
the modern electric railway in the early stages of development. 

Such an exhibition has a large value in the dissemination of new 
ideas. The seeds of invention are there thrown to the winds and 
are carried to the four corners of the earth. The Paris electrical 


exhibition was the beginning of the new era, both in the science of 
electrical measurements and in the technical applications of elec- 
tricity. We look back to it as the day of small things electrical, but 
it was in reality the day of large and brilliant ideas. 
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Past, Present and Future of Electric Traction. 





By Frank J. SPRAGUE. 


N an anniversary one may become reminiscent. 1874, the year 
O of the birth of the ExLecrricaL WorLpD AND ENGINEER, has 
«« for me a special interest, for although I had set foot on 
this planet about the date of the laying of the first Atlantic cable, 
it was then that as a cadet at the United States Naval Academy I 
began the professional career which ended in the electrical field, 
when I resigned from the service in 1883 to become one of Mr. 
Edison’s assistants. A prolific period this, and one in which the 
ELECTRICAL WorLD AND ENGINEER has been an effective recorder, 
tutor and encourager. Of what has been done in many electrical 
fields others can tell much better than I, so I will speak in brief 
fashion of but one- subject—some features of the development of 
electric traction. 

Although when the ELectricaAL Wor_Lp AND ENGINEER first went to 
press, a quarter of a century had passed since Farmer and Page had 
carried on their experiments with small model electric railways, 
there was not in existence a single car operated by electricity. Five 
years later Edison had in his development of the incandescent light 
created the low-resistance dynamo and established the multiple arc 
system of distribution, but even after eight years more elapsed there 
were less than a dozen electric railways the world over, scarcely any 
two alike, and none typical of the modern development, to mark the 
work in this line of such pioneers as Siemens, Henry, Edison, Van 
Depoele, Reckensaun, Daft, Field, Bentley, Knight and others. 
Perhaps the time was not ripe, and it needed a special combination 
of opportunity and willingness to assume the great commercial 
risks, as well as a departure in practice profiting by the mistakes of 
earlier work, to start that industrial progress which has been so 
astounding. Such an opportunity occurred at St. Joseph, Mo., and 
more especially at Richmond, Va., in 1887, when, under the auspices 
of the Sprague Electric Railway & Motor Company, which had been 
largely fathered by Edward H. Johnson, and adopting a principle of 
motor construction and suspension tested by me on the New York 
elevated railroad the year before, the active commercial! development 
of the electric railway began. 

The vicissitudes of the Richmond road have passed into history, 
its apparatus into honored and well-earned rest, but the principles 
underlying its construction and operation have survived, and to-day 
mostly dominate all electric traction, for there was used the multiple 
system of distribution at constant potential of 400 to 500 volts, the 
single overhead trolley with parallel main conductor and feeders, 
the ground return with bonded and reinforced rails, the universal 
movement underrunning trolley carried in the center of the car, 
double motor equipments under the car, centered on the axles, geared 
to them and flexibly supported at the free end, fixed brushes for both 
directions of movement, variation of current and torque by varia- 
tion of field resistance and turns, dual control of motors, and 
series and parallel operation. While novel, all these features were 
not original with Richmond. Edison and others had used constant 
potential, Van Depoele form of underrunning trolley. I had pro- 
posed a rigid overhead conductor with flexible overhead contact 
for the Metropolitan Railway in London, in 1882; and Reckensaun 
had put into operation series parallel control; but many features 
were distinctly new there or in the preliminary experiments of the 
Sprague Company, and at Richmond there was the combination of 
various ideas old and new on a scale commensurate to achieve results. 

While that work was in progress the Van Depoele Company was 
offered me by Mr. W. J. Clark, whose commercial sagacity and 
effective work in the development of electric traction has been so 
many times exemplified, and on my failure to take it up (I could not) 
it fell to the Thomson-Houston Company and Mr. Coffin. Aided in 
a great measure by Van Depoele’s happy adoption of the carbon 
brush, and with unusual business energy, the Thomson-Houston 
Company rapidly developed. The resulting rivalry and warfare be- 
tween it and the Sprague Company, although not unattended by 
some disastrous results, on the whole was of ultimate great benefit 
to the art because of the rapid development of apparatus and the 
extension of electric traction. In 1890 came the absorption of the 


Sprague Company by the Edison General Electric, with which it 
was allied by financial and manufacturing interests, and later the 
union of it with the Thomson-Houston in the General Electric 


Company. 
At Richmond, it should be noted, began the contest between the 
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electric railway and the telephone interests because of the common 
use of earth and rail returns, with resulting injurious effects on the 
weaker and more delicate apparatus. This was waged in not less 
than sixteen States of the Union, with the practical result of the 
adoption of complete metallic circuits for the telephone system—a 
result the necessity of which was already beginning to be apparent, 
and which was later emphasized by the growth of long-distance tele- 
phone service, quite independent of the influence of electric rail- 
ways, who were not the sole distributors of peace and—potential. 

A decade passed and the trolley hummed its song of victory and 
emancipation while weaving its threads in every civilized country. 
Horse, mule, cable and prejudice disappeared, towns became cities, 
farms became suburbs, homes grew up in the place of tenements, 
time and money were saved, the health and morale of employees 
were improved, great works were created, and an army of men were 
employed. Companies were consolidated into great systems, as 
under the initiative of Henry W. Whitney on the West End of Bos- 
ton, and hundreds of millions of capital were invested. 

But with it all the trolley remained essentially an individual sys- 
tem, the movement of single cars along highways, picking up and 
leaving passengers wherever desired, its use largely determined 
by convenience, capacity and economy under such conditions, save in 
a few instances of limited train movement where the power was 
consolidated in a single car at the head of a train, a kind of equip- 
ment in fact on which work was progressed as early as 1885. The 
steam railway field on its own exclusive right of way was practically 
uninvaded, although as early as 1892-3 the construction of a loco- 
motive for experimental work for Henry Villard had been under- 
taken by Drs. Louis Duncan, Cary T. Hutchinson and myself; and 
the General Electric Company had actually undertaken the con- 
tract for operating the trains through the Baltimore tunnel. But 
conditions where electricity could be applied on such a scale were 
limited. 

In 1897, however, just ten years after the Richmond beginning, an 
opportunity again arose for a development which may also be fairly 
termed epochal. For a dozen years the Manhattan Elevated Rail- 
way Company had been the objective point for electric enthusiasts, 
and for nearly two years I had endeavored unsuccessfully to get 
an opportunity to make demonstration there at my own expense of 
a new system which was the outcome of the electric control of ele- 
vators. The proposed equipment of the South Side Road, of Chi- 
cago, under the technical advice of Sargent and Lundy, the latter 
of whom had been with me in the early work, afforded the oppor- 
tunity I sought, with the result that the multiple-unit system was 
contracted for, and before the end of the year tested at Schenectady 


and Chicago. 

This system did not consist simply of a method for single control 
of motors on different cars of a train, for that had been proposed 
many years before by others as well as myself, but for grouping into 
a train two or more motor cars, each equipped with motors and con- 
trollers for those motors, with provision for simultaneous control 
from master switches of all the main controllers through the medium 
of an independent electric train line common to all the cars, and 
connected on the one hand to the master switches, and on the other 
to the operative parts of the controllers of several equipped cars. 
The connections from car to car were made by jumpers, and the main 
current for each car was taken by collectors on that car. The train 
connections were such that cars could be made up into any desired 
aggregation, without regard to number, order or relative relations. 
As originally planned (and the original equipment is still in oper- 
ation) the main controller was of the cylinder form, with pilot motor 
drive. Stepped or automatic advance under current limitation on 
each controller was obtained by relays operated from the train line. 
Since then the multiple unit idea has grown and spread until it is 
now almost universally adopted for all heavy work. Many variations 
in detail have been made from time to time by different inventors, 
such as operating the cylinder by air pistons or magnets instead of by 
a pilot motor, or breaking up the controller into different parts, each 
operated by a magnet or air piston, with or without automatic con- 
trol, or with the automatic feature limited to the main switch. But 
the essential principle—the electric control of the controllers from 
master switches through an independent line—has never been and 
is not likely to be, departed from. 

From combining and operating car units equipped with motors 
aggregating a capacity of 100 hp for passenger service only, the prac- 
tice has now developed until it is applied to locomotive operation. 
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The 2,200-hp units which are to form a part of the New York Cen- 
tral Railroad equipment will be so operated, giving at times a pos- 
sible aggregate of nearly 7,000 hp under single control! It is here 
in New York that two of the greatest improvements are now being 
carried out which will have a marked, although perhaps specialized 
influence on electric traction. I refer, of course, to the great work of 
the Pennsylvania Railroad Company, and the even more extensive 
electric undertaking of the New York Central—the latter of which 
is actively pushing, in connection with its terminal changes, the elec- 
trical equipment of its regular main and suburban service for nearly 
40 miles out from its city terminal, where the heaviest trains will be 
operated at the maximum speed. 

The plans adopted for this equipment, decided on by a commission 
of which Vice-President Wilgus is chairman, include the use of con- 
tinuous-current motors within the zone to be equipped, a decision 
of perhaps more than ordinary moment at a time when world-wide 
experiments are being undertaken, and extraordinary claims made, 
in behalf of alternating-current motors; and one which warrants 
some comment both upon the special subject of such motors and the 
electric operation of trunk lines in general. 


The present is not the time for me to go into any detailed state- 
ment of the reasons which were conclusive for the commission’s de- 
cision, but suffice it to say that I am entirely satisfied with it, and 
believe it was the only one which could have been safely reached at 
the present time. This is said without any spirit of antagonism to 
the alternating-current motor development, and without abating any 
jot of confidence in, or hope for, its future. Certain statements, 
however, I think, can now be safely hazarded: One, that the poly- 
phase motor will not secure any lasting foothold in railway oper- 
ation; another, that the continuous-current motor will not for a 
long time outlive its usefulness; and finally, that trunk line electric 
operation as such is not of the immediate future. 

Machine for machine, the commutatorless motor, coupled with the 
ability to economically transmit electricity at high pressure for a 
great distance and transform with stationary apparatus to any de- 
sired pressure, has been matched against the limitations of the com- 
mutated motor and restricted distribution for the 15 years since 
Ferraris and Tesla first advocated its use. Polyphase transmission 
has become a most influential factor in long-distance transmission, 
and the polyphase motor finds a wide and increasing field of use- 
fulness; but the continuous-current motor still performs its service 
placidly and demonstrates its utility, while throughout the United 
States there is not a single polyphase railway, and in Europe there 
are but a few introduced, chiefly by a single company of great tech- 
nical ability. 

Within the past year, however, undoubtedly spurred on by Mr. 
Bion J. Arnold’s predictions and pioneer work, the leading com- 
panies in this country have made material progress in the construction 
of single-phase alternating-current motors, and similar develop- 
ments are taking place abroad. Probably in no phase of the elec- 
trical development has there been greater concentration of high tech- 
nical skill and mathematical ability than in this new departure by 
such men as Steinmetz, Lamme, Finzi and others. The methods and 
results vary materially, but one significant fact is patent in all—the 
much-despised commutator has reappeared, and under conditions 
some not as favorable as exist in the continuous-current motor. 

In all alternating-current motors there must be a reduction of 
armature potential if high-potential transmission on the trolley exists, 
either by short-circuiting a closed armature with independent cir- 
cuits in a field supplied direct by high potential, as in Prof. Elihu 
Thomson’s repulsion motor, or by transformation of the whole or 
part of the current energy, as in the Lamme and other motors. In 
some cases even a greater number of brushes is used than in con- 
tinuous-current practice. At present the latter type of motor ap- 
parently has some advantage in the matter of weight, individual effi- 
ciency and freedom from sparking, and I think will maintain it. 
Undoubtedly, however, the future holds out much promise for the 
single-phase motor, and it will be a satisfactory machine. It is 
well, however, to ask wherein lies the demand for it, and why does 
it threaten the supremacy of its rival? There are two special rea- 
sons remaining, that one on which much stress was laid, the absence 
of commutator, no longer existing. These are the possibilities of 
use of a fairly high potential on the trolley, or secondary system of 
distribution, with resultant increase of distance between the sub- 
stations and better averaging of load on them, both very important 
features, and the abolition of the rotary converter, a desirable result. 
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But as to the first there is a chance for error of judgment, for the 
possibilities of the direct-current motor are by no means exhausted, 
and for any given maximum potential and track rails specific resist- 
ance continuous current admits of the less size of conductor. 

In the matter of initial transmission to sub-stations, the advantages 
of high potential are common to any system of motors. At these 
points the pressure must be transformed down, the energy being then 
delivered through rotaries or motor-dynamo sets for continuous 
current or direct for alternating current to the seconday supply 
system. 

Up to the present it has been the general practice to limit direct- 
current work to about 600 volts partly for construction reasons and 
partly because of the existing practice on city systems, or at ter- 
minals, where the alternating current is used at 3,000 volts. It would 
appear at first sight that with the same size of conductors and loss 
increase of pressure would mean an even greater increase of distance 
between sub-stations. Since, however, the load on the secondary cir- 
cuit would increase about as the distance between the sub-stations, 
and the capacity of the secondary circuit would probably be consid- 
erably less than that of the ordinary third rail because of the necessity 
of carrying smaller conductors over the cars, even if such conductors 
are reinforced, as would be most advisable, by a main conductor ex- 
tending along the tracks and supplying the trolley wires parallel to 
it, the distance between the sub-stations would be materially reduced, 
and in fact would generally be considerably less than that represented 
by the simple ratio of the increase of potential. 

While direct-current motors may be always somewhat at a disad- 
vantage in the matter of individual potential, when there is a plu- 
rality of motors, as in a large locomotive, it is quite possible on a 
direct-current system to work up to 1,700 or even to 2,000 volts on 
a single trolley line, maintaining a maximum as in regular use on 
the Berlin Elevated of from 850 to 1,000 on individual motors; and 
if a three-wire system be used it is quite possible to make use of a 
maximum transmission potential of nearly 4,000 volts. I am not pre- 
pared to say yet that this is advisable, but it is possible and I submit 
that in the problems involved in any trunk line development there 
are many questions of greater importance than that of the relative 
allowable trolley potentials for direct and alternating-current equip- 
ments. 

The very essence of successful electric railway operation has been 
to supply from a single source of power a large number of mod- 
erate powered and well-distributed units. Trunk line service is 
of quite a contrary character, and many of its present features must 
be changed, or its density of traffic greatly increased before invest- 
ment necessary for electric operation can be generally considered. 
It may be accepted as a cardinal principle that no large railway sys- 
tem will generally adopt electricity as a motor power unless it be 
dictated by the assurance of less cost of operation or a greater 
return on existing and new investment, and such adoption will not 
take place until the average density of traffic will warrant the oper- 
ation on a section measured by the practical limits of transmission 
from a single station, at which time the joining together of sections 
will become possible. Infrequent and spasmodic service in large 
units over long distance offers little chance for electric operation. 
The early application to the large locomotive units will be in such 
zones of electrical operation, like the New York Central, where the 
pressing use of electric suburban service and other special require- 
ments, exist, under which cases all equipments should be electrically 
operated. Such cases are, however, specific, and are not necessarily 
favorably conclusive on the larger distance proposition. On this 
subject I see no reason to change my views’as expressed at length 
many times during the past fifteen years. 





Flat Wheels. 





The New York State Railroad Commission has recently reported 
on its work with regard to improving transportation facilities in 
Manhattan and Brooklyn Boroughs. The operation of cars with 
flat wheels causing annoyance to residents by the noise has been 
taken up with the variofis companies and a more thorough inspec- 
tion and removal of flat wheels has been ordered by the Board. 
During the quarter ending November 30, 1,367 pairs of new wheels 
were placed under the electric cars of the Interurban Company. 
During the same period 1,659 wheels were placed under the cars of 
the Brooklyn Rapid Transit Company. 
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The Dissappearance of Overhead Wires. 





By W. Maver, Jr. 

While it is true that electrical subways for the use of high and 
low-tension cables were in use in Chicago, Philadelphia and else- 
where on a comparatively small scale before their employment was 
begun in New York City, nevertheless it was in the last-named 
place that the problem as to whether it was feasible to operate high- 
tension circuits commercially, and on a large scale in cities was to 
be solved. That this was considered a problem by many at the time 
in question, 1886 to 1890, will be evident from the fact that some 
of the men then most prominent in scientific circles were willing 
to place themselves on record as being of the opinion that it would 
not be possible to operate such circuits underground. If, said one 
of those men in a portion of his argument, the conductors are lead- 
covered to enable the insulation to withstand the destructive in- 
fluences of moisture and gases present in these conduits, the trouble 
is only mitigated, for the lead covering is itself subject to corrosion 
by the same agencies of moisture and gas. As soon as by these 
means, or by such abrasion as is liable when the lead-covered cable 
is being drawn into the conduit, or by a defect in the manufacture, 
the lead pipe is punctured, moisture will soon exert its injurious 
effect upon the insulation. Besides, with current of high electro- 
motive force there is always present an action of polarization of the 
insulating material which tends to change its structure and cause the 
formation of faults in it, which, with other things, would make the 
difficulties of operation insuperable. 

Some of the high-tension companies were at the time willing to 
place their circuits underground, others professed to be willing to 
do so, but insisted that the civic authorities should, by actual tests, 
first show that it was practicable to operate high-tension circuits 
underground, claiming that the attempts in this direction in other 
cities had resulted in failure. 

The rules that were promulgated for the operation of the high- 
tension cables in the city were also objected to vigorously by the 
dissentient companies, especially the rule requiring that the cables 
should be shown to possess an initial insulation resistance of 15 
megohms per mile, per 100 volts e.m.f., it being asserted that this 
could not be obtained in practice and, if it could be, it would be 
impracticable to make the tests to demonstrate the fact. Said the 
same authority, the measurement of 100 megohms with the apparatus 
ordinarily used for the measurement of resistances is a very difficult 
operation and requires not only a very high degree of skill and the 
most sensitive and finely adjusted instruments, .but it is essential 
for even tolerable accuracy that the instruments should be free from 
all disturbing influences and used under conditions which are rarely 
formed outside of the best equipped physical laboratories. 

So far as the making of the necessary tests is concerned, the 
present writer may modestly say, inasmuch as he either made or 
supervised the thousands of tests of the cables that were laid in 
New York subways for a number of years thereafter, that it presented 
no great difficulty. It may be noted, however, that at the time in 
question and as showing the dearth of practical electricians then 
existing, that Mr. G. A. Hamilton, Mr. D. W. Jones and the writer 
were perhaps the only available experts in New York City for this 
class of work. The fact that such was the case may be credited when 
it is stated that the writer was engaged jointly by the cable manu- 
facturer, the purchaser of the cable, and the subway company, to 
test for them the first high-tension cable that was laid in these 
subways. 

There was at the time under consideration no exact data relative 
to many of the conditions to be met with in actual practice. Thus 
the thickness of insulating wall necessary for high-tension cables 
was not definitely known, and hence some of the first cables manu- 
factured were deficient in this respect, the mechanical strength being 
insufficient to meet the strains of hauling in, bending, etc., to which 
the cables were subjected in practice. The writer was fortunate 
enough to specify in one instance a thickness of insulating wall of 
.25 in. for a cable designed for 7,000 to 10,000 volts, a thickness 
which subsequent experience has shown to be ample. The proper 
size of manholes, handholes, etc., was also an unknown quantity 
and as a rule they were in numerous cases made too small, a defect 
which has been remedied in later years. A few months’ experience, 
however, sufficed to throw much light upon all of these questions, 
and as fast as possible improvements were suggested looking to the 
betterment of the service. Among these was the use of beveled edges 
at the entrance of the ducts in manholes to prevent the cutting of 
cables; the placing of switches on posts or on walls outside of the 
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subways to which switches the cables should be led for purposes of 
testing, changing circuits, etc., which plan was adopted in the case 
of the fire department cables and some of the electric light com- 
panies, and might be extended further to advantage. 

Reverting to the rules relative to the testing of cables, it is but 
fair to add that these rules were probably drawn purposely rigid 
as a precaution against the dangers of explosions in the subways. 
It was a more or less open secret at the time that the opposing in- 
terests would subject the cables to the severest tests to demonstrate 
the accuracy of their contention as to the impracticability of high- 
tension underground systems, and obviously counter precautions were 
taken by those financially and otherwise interested in the success of 
the subways; and to-day no one questions the wisdom of that course. 


Early Automobiling Reminiscences. 








- 


By OserLIN SMITH. 

My chief experience in electrical matters (since spending much 
time when a boy in manufacturing a variety of what was then called 
electrical apparatus, for my own amusement) has been in the line 
of motor-driving of machines, especially power presses. As some of 
the readers of the ELectricAL WorLD AND ENGINEER may have 
noticed, I have for several years been an earnest preacher, in the 
various engineering societies and elsewhere, upon the subject of 
individual driving. This system, as opposed to the mere coupling 
of motors to long lines of shafting, or to group-driving, so-called, 
has passed the successive eras of crankiness and of doubtfulness, 
and has, mostly within the last two or three years, established itself 
as the paramount system of the future. Its advantages are too 
numerous to be repeated in this article, but I venture to predict that 
very few of the first-class newly-built machine shops of five or ten 
years hence will contain much, if any, shafting and belting. 

Passing over the tremendous and obvious developments which are 
bound to oecur in the near future in electric lighting, power trans- 
mission, high-speed railroading, etc., and also the glorious develop- 
ment which many of us see with prophetic eye in the not too far off 
future regarding the transmutation of. heat into electricity, a nearby 
and very practical line of development lies in the improvement of 
the storage battery. This will vitally affect the running of auto- 
mobiles and small pleasure boats, most of which are now run by 
their owners and chauffeurs under conditions of martyrdom, tem- 
pered by a spirit of self-sacrificing cheerfulness, which it is difficult 
for their friends to appreciate. When a mere layman in this motor- 
ing amusement, or art, or whatever it may be called, contemplates 
the tangled mass of tanks, and cylinders, and pipes, and rods, and 
screws, and what not, together with the tool outfit for adjustment 
and repairs, he can but sigh for the time when the electric carriage 
and boat will prevail; at any rate for purposes of business and 
pleasure. 

To bring about such halcyon days of pleasure travel but two im- 
portant new conditions are necessary. The first is to have a cheap, 
light and durable storage battery. The second will consist in the 
establishment of a system of electric charging stations at proper in- 
tervals, upon all our streets, roads and waterways which are suitable 
for the kind of travel we are considering. 

It goes without saying that, upon the whole, we must have through- 
out our country a tremendous and radical improvement in the quality 
of country roads. This, however, is sure to come as the use of 
automobiles increases. It has been already developed somewhat 
by reason of the invention of the bicycle. ‘Such charging stations 
should be regulated in some way by state or national law, in con- 
nection with the control of highways and waterways, to prevent 
extortionate prices; and thus will be enhanced the volume of travel 
and the development of the quantity and quality of the vehicles used 
therefor. 

New Jersey’s greatest inventor has taken up the first problem men- 
tioned, with already a considerable measure of success. This it is 
hoped by all of us will soon ripen to complete fruition. We Jersey- 
men further hope that a State which has so large a field of travel, 
and which has already made such progress in good roads construc- 
tion, will be one of the first to establish the charging stations in 
question. 

While speaking of New Jersey (remembering the editor’s invi- 
tation for reminiscences) I am reminded that I myself may have 
aided the progress of automobiling by showing how not to do: 
it, I being perhaps one of the earliest chauffeurs in the State,. 
or at any rate in the southern section thereof. 
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Upon a certain occasion over forty years ago I entered into an 
autoing collaboration with another boy, who is now a distinguished 
professor of mathematics, both being fired with enthusiasm to 
emulate the recorded performances of the occasional steam car- 
riages appearing in England from Sir Isaac Newton’s time into and 
through the eighteenth century. 

Instead of building such a vehicle entire, the boys procured a farm 
engine of about 5 hp built in the general style of a steam fire engine, 
that is, with a vertical boiler at the rear, fired from behind, and a 
horizontal engine lying upon the framework in front. They soon 
realized the difficulty-of steering by swinging the front axle with 
sufficient power and delicacy should either wheel strike an obstruction. 
This they overcame somewhat ingeniously by fastening ropes near 
each end of the axle, which came upward and rearward to the main 
shaft of the engine, being wrapped loosely two or three times around 
the same, on the principle of a “snubbing post.” These ropes con- 
tinued upward to*the hands of the steersman, and with them he 
could control the axle perfectly by tightening one or the other more 
or less, the power to hold it against obstacles at either wheel being, 
of course, supplied by the engine as a rope tightened upon and 
grasped the shaft thereof. 

Upon the first trial one of the rear wheels was connected with 
the engine by a wide belt running from a small pulley on the end 
of its shaft to a very large one bolted to the spokes of the wheel, 
which thus served as the only “driver.” 

In their haste to get the machine under way they waited not for 
good weather, but started upon a rainy day with the ground covered 
with slush. The belt soon got wet and the “auto” was held up for 
repairs. 

For the next trial a chain and sprockets (not easily procurable 
in those days) were substituted for belt and pulleys. The machine 
itself ran well in spite of having only one driver, but, time still being 
precious in the eyes of the adventurers, the next start was made over 
a very bad road covered with snow two or three inches deep. This 
road was narrow and crooked, soon reaching a narrow wooden 
bridge spanning an icy river, then running up a hill at a moderate 
grade. To avoid delay, no connection was made at this first trial 
from the throttle valve (an ordinary 1%4-in. steam cock) at the rear 
of the boiler to the driver’s seat in front, where he might have at- 
tended ‘to it had not both hands been busy with the steering ropes, 
and both feet with bracing himself to keep him in his seat. 

The professor was kindly allowed‘the honor of the first trial and 
when duly mounted yelled to the small boy who acted as fireman 
(standing upon the ground) to turn on steam, which then stood at 
high pressure. Being both obedient and strenuous, this youngster 
revolved the cock handle suddenly through an arc of some go°, then 
letting it slip off and fall hidden in the snow as the machine bounded 
forward and left him standing in amazement at the ambition thereof. 

Your servant, who was acting as general traffic manager, rushed 
into the shop (“garage” should it not have been termed?) wildly 
searching for a monkey-wrench and triumphantly emerging in chase 
of the lost auto car, which the powerless chauffeur had by that time 
succeeded in steering at full speed around the turns of the road and 
between the railings of the bridge—rather than down a steep bank 
into the river below. As he reached the hill beyond, with the car 
ascending and the steam pressure descending, the monkey-wrench 
and the boy he left behind him succeeded in reaching the steam- 
cock, and everything ended happily. 

The machine not afterwards proving comfortable enough for a 
touring car was classed in the grade of runabouts, in view of the 
performances it had performed. Later on it became a stayabout. 





Street Crossing Signal. 





Mr. C. L. Cole, U. S. Consul-General, Dresden, says: “I notice the 
trial of a new safety device at street-car crossings in this city, which 
may be described as follows: A box 2 ft. long and 1 ft. wide is sus- 
pended from the wires at the center of the crossing, and at a certain 
distance the approaching car automatically turns on the current and 
from the opposite sides of the box is shown in red letters the word 
‘Halt,’ to warn the car coming at right angle as well as teamsters 
and pedestrians. When the car reaches the center of the crossing, 
the light is extinguished. Watchmen are placed at all crossings in 
this city where cars meet, but I am told this device is being tested 
with a view of avoiding the expense.” 
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A Historical Sketch of International Electrical 
Congressess. 





By Dr. A. E. KENNELLY. 


HE history of electrical congresses dates from the year 1861, 
. and the development of the power of such congresses, together 
with their relation to scientific and industrial activities, is a 
story of great interest. The electric literature of 1860 shows that 
‘telegraphy was then the only industrial application of electricity out- 
side of electroplating. As a branch of physics, however, the theory 
of electricity was well developed, and nearly all of the fundamental 
laws were well known, as, for example, Ohm’s law, the laws of 
electromagnetic induction and the laws of electrostatic induction. 
The practical application of those laws was, however, in a most back- 
ward condition. There were galvanometers, batteries and resistance 
coils, but their calibration was very crude. 

The British Association for the Advancement of Science, ap- 
pointed a committee in 1861, on Lord Kelvin’s motion, to report 
upon the best unit of electric resistance. This committee of a few 
eminent physicists formed the first electrical congress. 

In the following year the committee reported to the Association 
in favor of Weber’s absolute metric system of electromagnetic units. 
An attempt was made to base the system on the British foot and 
grain, but fortunately the centimeter and gramme prevailed. Since 
1862 all electrical units have been metric units. 

The British Association continued its work for several years and 
the results were finally published in 1875. The committee not only 
established the C.G.S. system, but also created its half-brother, the 
practical system, of the quadrant and eleventhet-gramme variety. 
It determined the value of resistance coils in ohms and of current 
strengths in amperes. Its ohm, called the B.A. ohm, was 1% per 
cent. short of the correct resistance, as more recently determined 
and adopted. It issued copies of the B.A. ohm and B.A. microfarad. 
It did most valuable service and laid the basis of all subsequent in- 
ternational work. 

In the meantime the electric telephone and the electric light came 
into existence. These new industries greatly extended thé needs of 
electric units, and electric measuring apparatus of an industrial type. 

France, since her first Paris Exposition of 1855, has given evi- 
dence, like the sun, of an eleven-year cycle of expositions. They 
tlave succeeded each other in 1867, 1878, 1889 and 1900. Whether 
there is any deep sociological connection between these recurrences, 
and the eleven-year periods of sunspot activities, we leave as a 
curiosity to the curious. But in 1881 Paris gave a special interna- 
tional electric exposition, as a hors d’a@uvre. At this exposition an 
international electrical congress was first convoked. The congress 
adopted seven articles of faith. The C.G.S. system and its half- 
brother, the ohm-volt-ampere-coulomb and farad system were 
adopted. An international commission was charged with a redeter- 
mination of the ohm, for practical purposes. 

The international commission was convoked in pursuance of this 
resolution in 1882, and again in 1884. At the lattér conference the 
“legal” ohm was adopted and defined as the resistance of a column 
of mercury 106 cm. long and 1 sq. mm. in cross-section, at the tem- 
perature of melting ice. This legal ohm was about 1 per cent. larger 
than the B.A. ohm, and about one-quarter of 1 per cent. shorter than 
the present generally accepted value. The volt was defined in terms 
of the legal ohm and of the ampere. 

The second international congress was held at the next Paris In- 
ternational Exposition of 1889. There were three sections, the first 
devoted to units, the second to industrial applications and the third 
to electric signaling, comprising telegraphy, telephony and signals. 
The first section adopted the joule, watt and bougie-decimale. The 
second section the quadrant and various definitions in alternating- 
current technology, namely, definitions of period, frequency, mean 
and effective current strengths, effective e.m.f. and apparent resist- 
ance. The third section considered no units. 

The third International Electrical Congress was held in connection 
with the Chicago World’s Fair of 1893. At this congress, for the 
first time, papers were read and discussed on various subjects in 
theoretical and applied electricity, apart from the work of the cham- 
ber of delegates appointed by the various governments to consider 
and vote upon units and other matters of international importance. 

At this congress there were 144 enrolled members, about 125 of 
whom were Americans. Some 500 persons attended the opening 
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ceremonies. The proceedings of the congress were published by the 
American Institute of Electrical Engineers. The chamber of dele- 
gates adopted the international ohm of 106.3 cm. of mercury, as an 
amendment upon the legal ohm of 106 cm. in 1884, which was an 
amendment upon the B.A. ohm of 104.8 cm., in 1875. The various 
other international units were adopted to match the international 
ohm. The international volt was defined in terms of the ohm and 
ampere fundamentally, but also‘collaterally as a fraction of the e.m.f. 
of a standard Clark cell, the specifications for the preparation of 
which were left to a committee. The committee has not reported. 
The international ampere was defined in terms of the rate of depo- 
sition in a standard silver voltameter. A table of international nota- 
tion was accepted and printed as an appendix. 

Two unofficial international electrical congresses were held at 
Frankfort and Geneva, in 1891 and 1896, respectively. No official 
government delegates were appointed to either. 

There were three sections in the Chicago congress, Section A 
for theory, Section B for intermediate subjects and Section C for 
practice. Thirty papers were presented and discussed. The pro- 
ceedings of the congress form an octavo volume of 488 pages. No 
provisions were made in advance for the preservation of this liter- 
ature and it would probably have been lost if the American Institute 
of Electrical Engineers had not assumed the task of rescuing it and 
financial risk of its publication. 

The fourth International Electrical Congress was held in Paris in 
1900. Like all its predecessors, it was held in connection with an 
international exhibition. The French Minister of Commerce author- 
ized the movement, which was originated by the Société Inter- 
nationale des Electriciens. The organization of the congress was first 
established eighteen months in advance of the sessions and circulars 
were addressed to very many persons interested in electricity, inviting 
their adhesion. The total number of congress members enrolled was 
about 933, of whom about half were French and only a very few 
were Americans. There were five sections, with several sub-sections, 
in addition to a chamber of government delegates. About 120 papers 
or communications were presented and discussed. The only work 
accomplished by the congress in regard to international units was 
the christening of the C.G.S. units, of magnetic flux and flux density 
under the titles of “maxwell” and “gauss,” respectively. The pro- 
ceedings of the congress were published in two octavo volumes of 
526 and 318 pages, respectively. 

The forthcoming International Electrical Congress of September, 
1904, at St. Louis, was originated by the St. Louis Exposition, at the 
suggestion of a number of members of the American Institute of 
Electrical Engineers. A committee of organization was formed about 
fourteen months in advance of the sessions. About 5,200 invitations 
to join the congress have already been issued to persons interested 
in electricity. Over 1,000 acceptances of membership have already 
been received and the number is steadily increasing. Invitations 
have also been extended by the State Department at Washington 
to the various foreign governments asking them to appoint official 
delegates, as in the case of the two last congresses, in Chicago and 
in Paris. Invitations have also been sent to a considerable number 
of well-known electrical workers all over the world, asking for 
special authoritative papers to be read before the congress. About 
120 papers have already been promised, in response to these invita- 
tions. No papers are to be read except by invitation, and the maxi- 
mum number to be read has been set at 150, so that instead of having 
to press for papers the difficulty will apparently be to prevent the 
generosity of authors from exceeding the number of papers set by 
publication limits. 

A feature of the St. Louis Congress, which has never before ap- 
peared, will be the official participation of societies and institutions 
interested either in the science of electricity or in its applications. 
The American Institute of Electrical Engineers has already adopted 
a plan of co-operation by holding a convention at St. Louis con- 
temporaneously with the congress, and holding joint meetings with 
various congress sections, of which there are eight in all. By this 
means the papers in the joint sessions read on behalf of the Institute 
are to be printed in the congress proceedings, as being presented 
by the Institute, while the transactions during such joint sessions 
will be placed at the disposition of the Institute for incorporation 
in its own proceedings. It is expected that similar co-operation may 
be looked for from various other American and foreign societies, 
the purpose of the committee of congress organization being to enlist 
the aid and sympathy of electrical workers all over the world, not 
merely as individuals, but also as societies, the societies lending their 
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influence to promote the success of the congress, and freely receiv- 
ing a part of the congress transactions, as officially their own, to in- 
corporate, if desired. 

There seems every reason to hope for the success of the fifth In- 
ternational Electrical Congress in connection with the St. Louis In- 
ternational Exposition. The number and character of the papers 
promised, the number of the congress members and the efforts which 
all connected with the movement are freely contributing towards the 
enterprise, augur well for the result. The success of such a move- 
ment redounds to the credit, not only of the country in which the 
Exposition and Congress are held, but also to the benefit of elec- 
trical science and electrical industry all the world over. 

The first electrical congress was made up of a handful of leading 
scientists of one country. Gradually the movement spread and 
broadened until an International Electrical Congress came to include 
scientists from all civilized countries. ‘Now an International Elec- 
trical Congress means a carefully prepared organization in advance, 
a large membership, including not merely electrical scientists, but 
also very many who may only be interested in some industrial ap- 
plication of electricity. It means, moreover, the collection of theo- 
retical and practical ideas from many sources and different coun- 
tries, all uniting in a common cause, the increase of knowledge in 
the science, and the increase in the extent and usefulness of the 
science’s universal applications. 





The Ward Leonard Single-Phase Locomotive. 





By G. T. HANCHETT. 


commercial usefulness a number of devices which have here- 
tofore been of academic interest only. The series alternating- 
current motor and the repulsion motor belong distinctly to this class, 


.s development of heavy electric railroading has brought to 





FIG. I.—CONTROLLER CAB. 


and it now seems that the Ward Leonard system of single-phase 
locomotion will develop into an apparatus of serious importance and 
consideration in large electric railway work. 

To the superficial observer the Ward Leonard system seems to 
be a mass of unnecessary complication. It was brought before the 
public by Mr. Leonard in 1891, and briefly described, employs on the 
locomotive a synchronous or induction motor taking current 
from a single-phase system, and driving a direct-current dynamo 
which in turn drives direct-current traction motors suitably geared 
to the axle of the car. A superficial glance at the device does not 
impress the engineer favorably. He sees in such an apparatus a 
rotary system of energy transformation which is a bugbear that he 
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has studiously striven to avoid; and indeed when electric railroading 
was confined to the propulsion of 8 to 10 ton cars over the streets of 
our cities, that the time was not ripe for such a radical change for 
the application of electricity to traction. 

It must now be remembered that the requirements of a traction 
system are now very much different from those that were all-suffi- 
cient some ten years ago. At that time the only consideration 
seemed to be a simple rugged reliable system which would make the 
wheels revolve. Now much more is needed, and it will be briefly 
rehearsed in the following paragraphs. 

The modern system of electric traction requires: First—Reliabil- 
ity. Second—Economy. Third—A very specific and satisfactory 
curve of acceleration. Fourth—A system of control which is thor- 
oughly reliable and free from detrimental effects of heavy arcs. 
Fifth—Simple adaptation to the multiple unit system of traction. 
Sixth—Ready adaptation to the use of electric power of any variety. 

In the old days when it was customary to compare a simple pair 
of controllers and motors carrying moderately light currents, with 
the same equipment plus the additional apparatus required by this 
system, the situation was such that engineers were not inclined to 
be enthusiastic over the new plan, but now when we have to compare 
the Ward Leonard motor and dynamo with the complicated multiple 
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troller and contactor contacts has in these days of great power be- 
come indeed a formidable difficulty, and this system, in which the 
only circuits which are manipulated are those of the field magnet 
carrying only a few amperes at moderate voltage, it is easily seen 
is free from this difficulty. 

In the second place, the Ward Leonard system supplies its power 
to the motors without the interposition of rheostats, and it may be 
safely stated that the efficiency of such a system is undoubtedly 
superior to the system of rheostatic control even when reinforced 
by a series-parallel system. Therefore in point of economy of the 
car equipment itself, there are advantages in favor of the system, and 
furthermore it is capable of returning power to the line not at a 
critical speed but at any and all speeds, thereby providing an electric 
brake of most economical type. In all other traction systems, with 
the exception of a few which have not been particularly practicable, 
all the power employed in getting the current of the car under head- 
way is subsequently wasted in heat at the brake shoes. In the Ward 
Leonard system, however, the accumulated energy of the car is 
transformed into electricity and fed back into the line, and moreover 
the system of braking is ideal. It is well known by traction engi- 
neers that the proper method of braking is to apply just sufficient 
braking power to prevent the wheels from skidding on the track. 





Fic. 2.—GENERAL VIEW OF LOCOMOTIVE. 


unit arrangement, switching large currents, or with a system of 
transformers and voltage regulators, which are the modern alterna- 
tives, to obtain the results that can be obtained with the Ward 
Leonard system, the latter certainly merits some consideration. 
This system as now employed at the Oerlikon Works in Switzer- 
land, where it is undergoing a rigid test, consists of an induc- 
tion motor adapted to receive and transform single-phase currents 
into mechanical power. This is transmitted to a dynamo of appro- 
priate capacity by direct connection, and thence the current is dis- 
tributed to the motors by means of the Ward Leonard control. To 
refresh the memory of those who are not familiar with this well- 
known system, it may be stated that in controlling aemotor for vari- 
able speeds by the Ward Leonard system, the motor is given constant 
field and the voltage is varied by varying the field on the generating 
dynamo from zero to a maximum, and also in a reverse direction. 
Therefore the motors are permanently connected to the dynamo ter- 
minals, and there is no opening of the main motor circuit. Those 
who have had to do with the opening and closing of heavy traction 
circuits will appreciate that in this way an enormous difficulty is 
practically eliminated. The burning and melting together of con- 





A system whereby power is returned to the line does this automati- 
cally, for the moment that the wheels cease to turn, braking effort 
ceases also, so that by the simple device of weakening the dynamo 
field on the Ward Leonard system to such a point that the back 
electromotive force exceeds that of the dynamo, a very effective brake 
is produced and the energy of acceleration is returned to the line. 

It may further be noted to the advantage of this system that the 
acceleration curve is practically under absolute control. An ideal 
acceleration curve is that which applies power to the motors in just 
sufficient measure to prevent the wheels from skidding. With motors 
in series, this skidding of wheels is a very objectionable feature, for 
one motor having begun to skid, its wheels absorb practically all 
the power for that purpose, leaving the other almost if not quite at 
rest, the only alternative being to shut off the power until the wheels 
get a fresh grip. With the Leonard system, all the motors are in 
multiple,.and this defect is abolished. In applying the power, it is 
only necessary to strengthen the fields of the dynamo almost up to 
the point of skidding. If any of the wheels should skid, it is only 


necessary to drop back a notch or two to reach the result desired. 
A further feature of this system of control is the fact that the 
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power taken from the line is directly proportional to the power used 
at the car and is not proportional to the amperes that happen to be 
flowing at the time in the motor. The motors may be carrying their 
full current and exerting their maximum torque, and at the same 
time only a small amount of power is required from the line for this 
purpose. With the ordinary system it is impossible to give the 
motor full torque unless the full power of the motor is taken from the 
line, which is thereby divided into two portions, a small portion 
going to the motor and the balance being absorbed in C?R losses 
in the rheostats. This greatly simplifies power house design and 
management by wiping out the element of large starting current and 
heavy sudden loads. 

Not the least of the advantages of the system are the ease with 
which it can be converted to the multiple unit plan. No bus train 
wires are necessary; in fact, the number of train wires can be re- 
duced to a minimum of three light wires which supply the fields of 
the various dynamos on the equipments, and carry a few amperes 
only. A single rheostat and exciter provide means for raising these 
wires to any potential desired. The fields of all the dynamos come 
up uniformly, and with them the voltage of the traction motors. 
Consequently their speeds increase uniformly. 

We are now able to prepare two interesting columns showing the 
advantages and disadvantages of the Ward Leonard system versus 
the ordinary heavy system of multiple unit direct-current traction. 
In this table all of the particulars which are common to both systems 
are omitted and the auxiliary apparatus of each is listed: 


ORDINARY MULTIPLE UNIT SYS- 
TEM. 

Dynamo, motor and exciter. Not iess than 13 and _ usually 
more than 20 automatic con- 
tacts. 

A complicated system of series 
parallel wiring and auxiliary 
contractor wires. 


WARD LEONARD SYSTEM. 


A simple system of low voltage 
wiring. 


‘ 
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Complete re-design of the entire 
equipment necessary to use 
any one kind of power. 

Weight in excess of the traction 
motor 25 per cent. 


The employment of any kind of 
power desired by the proper 
design of the receiving motor. 

Weight in excess of that of the 
traction motor 100 per cent. 





FIG. 4.—VIEW ALONG THE LINE. 


A careful system of figuring, Mr. Leonard claims, will show that 
the added losses of the ordinary series-parallel rheostatic system of 
control will produce sufficient kilowatt-hours to more than carry 
the extra weight involved in his system, leaving a surplus for 
useful purposes. 








Acceleration under absolute con- 
trol. 


Minimum current from _ the 
power house when maximum 
starting torque is required. 

Rheostatic control involving a 
rheostat waste of only a few 
watts at very light current. 


Return of power to the line and 
automatic braking. 


Fic. 3.—THeEe Moror-GENERATOR. 


An acceleration curve seriously 
limited by the inherent quali- 
ties of the apparatus. 

Maximum current from power 
house when maximum starting 
torque is required. 

Rheostat control wasting very 
large quantities of power at 
heavy currents and high volt- 
age. 

No return of power to the line 
under any circumstances and 
no automatic braking. 


These figures of comparison seem to justify the careful considera- 
tion of the traction engineer, and in fact that the system is now being 
tried in the Oerlikon Works in Switzerland seem to prove that this 
is being done. « 

In a paper read on the subject of electric traction on rail- 
ways, before the Institute of Civil Engineers on February 18, 
1902, Mr. W. M. Mordey, whose judgment on such matters is 
notably sound, made numerous statements which seem very pertinent 
in this connection. To quote them in toto is beyond the scope of 
this article, but a few selections may not be out of place. He 
says: “There need be no irregularities of control of speed, such 
as are caused by the notches in an ordinary series parallel controller. 
A perfectly smooth transition can be obtained through the whole 
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range, from large torque at starting and at low speeds, through all 
the variations of speed, to large power returned at stopping or brak- 
ing. One further important point in this system is that it makes a 
much lower maximum demand than either the direct-current or com- 
posite system. It has already been pointed out that in the latter 
system (and the same is true of the three-phase system), the maxi- 
mum demand occurs at the moment of starting, when the least power 
is being developed in the train. The output of the generating sta- 
tion and the losses in transmission, in transformation, and in waste- 
ful resistance are then all greatest. Two-thirds of the power pro- 
duced is lost in resistance, The one-phase system with its variable 
ratio gear saves all this, or a large part of it.” 

He further states that large starting torque of the single phase 
motors is not necessary in this system. Even if they should be so 
improved as to have a starting torque equal to that of direct current 
motors, it is likely that a variable ratio process would still be worth 
using, especially on lines with frequent stoppages. He closes by 
saying that sufficient has been said to show that the system possesses 
great flexibility, and offers at least a practicable solution of the prob- 
lem of a comprehensive general system of electric traction for rail- 
ways. 

Mr. P. E. Huber, before the Zurich Association of Engineers and 
Architects, has set forth the advantages of the Ward Leonard sys- 
tem, and+he gives some very interesting figures with reference to 
weights. He puts the weight of the locomotive at 44 tons, and states 
that a three-phase locomotive of equal power would weigh only about 
30 tons. He holds that this advantage of weight is more than offset 
by the difficulties arising in connection with the trolley wires of a 


three-phase system. Mr. Huber’s paper was read February 18, 1902, 
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FIG. 5.—ELEVATION AND PLAN OF LOCOMOTIVE. 


-and at that time he did not have at his command data with reference 
to the additional weight and complication required by the multiple 
unit system, which would have naturally added further to his remarks 
in favor of the flexible controller offered. During the latter part of 
‘tthe year 1902 the Royal Commission of Swedish Engineers reported 
to the Crown upon the practicability of substituting electricity for 
steam power, and after carefully considering the various single-phase 
systems then extant, reported in detail upon the Ward Leonard 
system. This report was reported in the Swedish periodical, Tek- 
nich Tidskrift, of January 10, 17 and 24, 1903, and after making every 
proper allowance for the cost, operation and installation of the Ward 
Leonard system, a net yearly saving was estimated at $2,000,000. De- 
tails on the subject were given at the time in the pages of the ELrEc- 
TRICAL WoRLD AND ENGINEER. 

In connection with the Oerlikon work the illustrations accompany- 
ing this article may be of some interest. In Fig. 2 is shown the loco 
motive arranged on the Ward Leonard system. It comprises in one 
frame a motor-generator. The traction motors are arranged so that 
tthey come one-half above the car floor, and are geared to an axle 
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below which is connected to the wheel by means of connecting rods 
The controller cab shown in Fig. 1 displays various instruments and 
circuit breakers essential to the operation of the system and the rheo 
static control is shown at the left. Fig. 3 exhibits in more detail the 
motor-generator, which, it will be seen, is a very compact and con- 
venient machine. 

Fig. 4 shows a section of the roadway, which is interesting be- 
cause of its peculiar method of top contact, for the trolley wheel, 
the trolley resting on the top instead of on the bottom of the wire, 
as is common in American practice. Lastly, Fig. 5 displays to good 
advantage a diagram of the Ward Leonard locomotive, in which is 
shown the motor-generator exciter and its transformer, the main 
motor-generator, the traction motor and connecting rods, in which it 
is interesting to note the flexible sliding link connecting the motive 
shaft of the connecting rod. 

[t is to be hoped that the work of such a well-known American 
inventor may not be compelled to look exclusively abroad for its 
exploitation. Such experiments should be undertaken in America, 
and the present state of the art is such that careful work is certainly 
justified. 





Institute Meeting on Air and Circuits Under 
High Voltages. 





The 184th meeting of the American Institute of Electrical Engi 
neers was held on February 26 at the Chemists’ Club, New York 
City. The meeting was called to order by Vice-President Lieb and 
the secretary announced that at the meeting of the board of directors, 
held in the afternoon, 67 associates had been elected. 

A very elaborate paper on “The Conductivity of the Atmosphere 
at High Voltages” was presented by Prof. Harris J. Ryan, of Cornell 
University. He first analyzed the results obtained several years ago 
by C. F. Scott in the laboratory in Pittsburg and afterwards by R. D. 
Mershon on the Telluride line in Colorado. Prof. Ryan deduced 
from theoretical considerations a formula which he had found to 
represent correctly Mershon’s results, but not those of Scott, nor 
those of other tests in which he had himself repeated Mershon’s 
tests in the laboratory. He then traced the disagreement to the fac! 
that in his first formula he had neglected the influence of the tem- 
perature and pressure. He, therefore, studied this problem and ar- 
rived at the following final equation: 


17.94b Ss 


Emax = ———— X 2,055 log,, — 
459 + ¢ r 


D’ (r+ d) X 101°, 


In this equation Emax is the maximum value of the voltage wave, ap- 
plied to the line, b is the barometric pressure in inches of mercury, 
t is the temperature in degrees Fahrenheit, s is the distance of the 
line conductors from center to center in inches, ry the radius of the 
line conductor in inches, d the distance from the conductor surface 
at which the strain due to the electrostatic field causes initial atmos- 
phere rupture, and D’ the strength of the electrostatic field of force 
(dielectric flux density) that will electrically rupture the atmosphere 
at the distance d from the surface of the conductor with radius r, 
D’ being measured in coulombs per square inch. 

For diameters of conductors larger than 0.250 inch, the values of 
d and D’ are constant and the above equation assumes the simpler 
form, 


17.940 Ss 
Emax = ——— XX 350,000 log,, — 
459 + It r 


(r + .07) 


The author had made efforts to determine the effects of the pres- 
ence of moisture upon the point at which the atmosphere about high 
voltage lines becomes conductive, i. e., upon the point at which the 
sudden rise in the loss curve occurs. However, no definite effect of 
this sort could be found, and this is practically in accord with 
Mershon’s conclusions after his observations made upon the Tellu- 
ride line under variable weather conditions. 

From the above equations the following table was calculated by 
the author. It shows the corresponding diameters of line conductors 
that must be employed to avoid loss between wires for a series of 
line voltages wherein the barometric pressure is 29.5 in. of mercury, 


the temperature 70° F., and the distance between the conductors 48 in. 








ee 


ee 


AS DR i he ES 


Sg TEN eS 


Fo Oe RE 


1 eb ae, 


NN LER IRE Ne RCO CO ROMER me RY “A RD A eR ae 
Rates ter tn ra ‘ CST WRN AT eT ato em 





472 ELECTRICAL WORLD anp ENGINEER. 
Maximum volts Operating pressure 
at which atmos- Corresponding 90 per cent. Diameters 
pheric conduction effective volts of corresponding of conductors 
loss occurs. (sine wave). effective volts. in inches. 
78,500 55,000 50,000 0.058 
118,000 83,300 75,000 0.106 
157,000 111,100 100,000 0.192 
235,500 166,600 150,000 0.430 
314,000 222,200 200,000 0.710 
392,000 277,700 250,000 0.990 


Prof. Ryan pointed out that the real voltage limit to-day in trans- 
mission is due to the insulator, where the line has to be exposed 
to the weather. In future the insulator difficulty will be solved in 
one way or another and higher voltages will be used. Possibly in 
large undertakings the line may be protected from the elements by 
means of a continuous covering. When such high voltages are 
employed atmospheric conduction, or “the brush,” or, as Steinmetz 
calls it, the “corona” must be avoided. Prof. Ryan found that the 
brush discharge or corona occurs always when a definite strain exists 
in the atmosphere next to the high-voltage conductors, and that to 
avoid such corona with its destructiveness and waste of power, it is 
necessary on transmission lines and auxiliaries to proportion things 
so as to keep the dielectric strain of the atmosphere below a definite 
point, above which the corona will inevitably appear. 

In the above table a factor of safety of 1.11, or a margin of 10 
per cent. was allowed by Prof. Ryan in estimating the safe voltage 
at which to operate so as to avoid losses due to brush discharge; but 
this was a laboratory conclusion only. 

Concerning the maximum of the voltage wave, Prof. Ryan pointed 
out that almost invariably the line charging current will cause an 
important line voltage wave—distortion—so that the maximum of 
the wave (upon which the corona formation primarily depends) will 
exceed the effective value of the voltage by a factor much greater 
than the square root of two. He also pointed out that the insulators 
must also be properly proportioned, otherwise the presence of the 
insulators made of material that has a considerably greater per- 
meability to dielectric flux than the atmosphere, will cause corona 
to a greater or less degree to form over the conductors in their 
neighborhood. This will likely be accompanied by corona over the 
pins inside the insulators, resulting in their ultimate injury if made 
of wood, from this cause alone, even if the surface leakage current 
is so limited as not to injure the pin. 

Prof. Ryan closed his paper with the suggestion that when viewed 
in the dark the corona, formed upon wires of given diameters and 
distances apart, provides a method for gauging high voltages that 
is free from the short-circuit and surging disturbances occasioned 
by the use of the spark discharge method. Either two parallel con- 
ductors or a conductor mounted at the center of a cylinder may be 
employed for this purpose. 

The discussion was opened by Mr. C. F. Scott, who characterized 
Prof. Ryan’s paper as a remarkable one, reaching out into the future 
and the unknown. It dealt with something beyond the present com- 
mercial practice, but something toward which the actual engineering 
work of the present time is fast approaching. Mr. Scott then spoke 
of his own experiments made in the laboratory in Pittsburg, and of 
those made by Mershon on the Telluride line, and presented a com- 
munication by Mr. S. M. Kintner, who pointed out that on account 
of the influence of temperature, if a range from 25° below zero in 
winter and 125° above in summer is taken, there would be a range of 
30 per cent. in the voltage at which the corona would appear. With 
respect to the effect of the use of small or large wires upon the 
discharge, Mr. Kintner pointed out that this would indicate that 
blunt gaps are more reliable for measuring voltage than needle 
points. 

Mr. Scott also read a communication from Mr. P. M. Lincoln, 
who first raised the question whether any loss in our present trans- 
mission lines is due to the corona effect. From Prof. Ryan’s paper 
it follows that this is not the case. For the very worst conditions 
which would occur in actual practice, viz.: a No. 6 wire with a 
spacing of say 48 in., the corona loss at sea level does not begin 
until the voltage has reached the neighborhood of 100,000 effective. 
For the maximum altitude at which transmission is apt to be car- 
ried on, say 10,000 ft. above the sea level, the voltage at which the 
loss begins may be as low as 65,000 for the worst cases, but still 
considerably beyond the limits of the actual practice of to-day. Nor- 
mal progress is bound to carry transmission voltages beyond those 
used to-day, hence it is important to consider which remedies are 
available to counteract the losses. It is well known that a good 
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rubber insulation on the wire will almost entirely prevent the corona 
loss, at least within the lower limits of voltage at which the effect 
occurs. Mr. Lincoln pointed out that it would be interesting to 
determine the effect of various kinds of insulation on the loss. 

Dr. S. Sheldon then spoke on the character of the various forms 
of discharges through air, as distinguished by the names glow dis- 
charge, brush discharge, spark and arc. The glow and brush dis- 
charges are probably due to a sort of gaseous ionization, and Dr. 
Sheldon is of the opinion that this corona discharge is a combination 
of both these discharges. 

Prof. H. B. Smith spoke of an electrometer which he had devised 
for high potential measurement, and Mr. P. H. Thomas asked vari- 
ous questions which were answered by Prof. Ryan. It was pointed 
out that it would be interesting to compare the effect of substituting 
aluminum for copper wires upon the loss. Mr. Thomas stated that 
he had made direct measurements of the loss from the line into the 
air on a 50,000-volt plant, with a length of something less than 100 
miles. The loss began to be measurable at about 20,000 or 25,000 
volts and ran then up very steeply. At 60,000 volts the loss amounted 
to a total of 10 kw, which is insignificant for power transmission 
purposes, but yet a measurable loss. 

A paper on “European Practice in the Construction and Operation 
of High-Pressure Transmission Lines and Insulators,” by Mr. Guido 
Semenza, was then presented. In the absence of the author it was 
read by Mr. J. W. Lieb. The author pointed out that a transmission 
line needs just as much careful design as any electrical apparatus 
and first refers to the calculation of the best wire section; this prob- 
lem is best solved by a graphical method. The next question is the 
route of the line. He then discussed at some length the comparative 
advantages of wooden and iron poles. The advantages of iron 
poles are, durability, the possibility of using large spans and lower 
cost of maintenance. Their disadvantages are a somewhat greater 
capital investment and the necessity of using better insulators. He 
thinks that the adoption of iron poles for important transmission 
lines will become more and more general. 

The author gave an outline of the best way of proceeding in the 
design of a line, and discussed at length the design of insulators. 
Wooden cross arms are sometimes employed with iron poles; but, 
in general, supports constructed entirely of iron are preferable. A 
special cement is employed to fasten the insulators to these brackets, 
or, in the case of small lines, tarred rope is employed. This differs 
entirely from American practice, and no attempt is ever made in 
Italy to use threaded insulators, as it is difficult to obtain good 
insulators with thread of the exact gauge. The best cement for this 
purpose consists of 10 parts of litharge and 1 part of glycerine, well 
mixed. The brackets and insulators thus cemented together form an 
indivisible unit. 

When the span exceeds a certain length, care must be taken that 
the wires do not come in contact through their oscillation due to 
the wind. It is obvious that in order to avoid such a contingency 
it is necessary that two or more wires should never be placed on the 
same level, and the adoption of cross arms as practised in America 
should not be followed, in the opinion of the author. In any case, 
it is easy to calculate the deflection of the wires from their vertical 
position, due to the force of the strongest wind prevailing in the 
country and midway of the span, thus finding the distance between 
the insulators to prevent the wires coming in contact. 

The problem of high-pressure insulation is very carefully studied 
by European electricians. Glass insulators are not used in Europe 
probably because good porcelain can readily be obtained there. 
Glass is considered to have a better dielectric strength, but not as 
good surface insulation; moreover, glass is weaker against meteoro- 
logical agencies, the superiority of porcelain being due to the ma- 
terials composing the glazing. European engineers do not consider 
American porcelain as good as European porcelain. It is possible 
that they may be mistaken, but a few tests made by the author on 
American insulators showed a higher dielectric resistance for the 
European porcelain, which in appearance, finish and homogeneity 
of material is much better. 

In designing an insulator the following points are to be considered: 
Dielectric resistance, resistance against surface arcing, mechanical 
strength, facility of cleaning, ease of construction. 

The first two points have reference to electric qualities and an 
ideal insulator ought to be so proportioned that, under a certain 
voltage, it should break in both ways, by puncture and by surface 
arcing. The resistance against puncture can be increased by making 
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the insulators of several pieces, introduced one piece inside the other. 
In general, the different pieces are cemented together with a kind 
of glazing in the process of manufacture and put on the market as 
single pieces. 

The author does not follow this practice, but prefers having them 
furnished by the factory in separate pieces, for the following reason: 
When the thickness of the pocelain reaches a certain limit the ordi- 
nary testing will not puncture a sound insulator. In testing an in- 
sulator made up of two or more pieces, one layer of porcelain may 
be cracked, but is protected by the other layers. When the tests are 
performed on the single component parts, this cannot happen, and 
one is sure to have the insulators made up of sound parts. Moreover, 
each composing part can be better inspected and the character of 
glazing observed. Following this suggestion many factories produce 
insulators in two parts, which, after test, are put together with glycer- 
ine and litharge cement. Experience has demonstrated that it is 
useless to increase the number of component parts; up to 40,000 volts 
two parts are quite sufficient and above that voltage not more than 
three are necessary. 

The ability of an insulator to resist surface arcing is due to its 
dimensions and shape, the latter to be considered under a double 
aspect, the protective action against moisture and rain; and the 
property of giving origin to electrostatic phenomena. An insulator 
with a very large petticoat on the top and only a second petticoat 
round the pin will not afford a very good protection against rain 
and moisture, as during a storm the inner petticoat will get quite 
wet. It is, therefore, good practice to have one or two intermediate 
petticoats, which will also insure the dryness of some part of the 
surface in all kinds of weather. Care must, however, be taken not 
to put on too many of them, as their edges would come too near, thus 
forming a good path for the arc, besides increasing the difficulty 
of cleaning the insulator. The use of intermediate petticoats should 
be limited to those strictly necessary to protect the inner part from 
rain and to insure that a part of the surface shall be quite dry. 

The discussion was opened by Mr. Lieb, who said that the paper 
indicated the character of analysis which European engineers give 
to mechanical problems when they are presented. While perhaps 
European engineers may not be as active in undertaking pioneer 
work in new fields, particularly where much investment and com- 
mercial development are necessary, yet when these applications are 
once made by them the constructions are subjected to very careful 
analytical treatment. Mr. W. N. Smith remarked that the method 
of construction of the high-tension lines described in the paper is 
quite different from our usual practice and might perhaps lead to 
complications in this country, for instance, from the small boy 
nuisance. 

President Arnold remarked that just such a line, as described in 
the paper, has almost been completed in Mexico. It is about 100 
miles long, built with steel towers, regular wind mill towers, using 
seven poles to the mile and supposed to be the most modern line 
now built. When the New York Central Railroad recently con- 
sidered the transmission question, the conclusion was reached that 
it is safer and more reliable in operation to have the transmission 
wires overhead on steel poles than to put them in conduits. 

Mr. L. L. Perry remarked that some constructions shown in the 
paper might be due to local European conditions, for instance, nar- 
row streets. Mr. W. E. Dix said that he thought that American 
insulator manufacturers are now adopting the suggestions of the 
writer of the paper, viz.: to reduce the number of petticoats, increas- 
ing the surface and also increasing the space between the petticoats, 
thus reducing arcing and leaking. Mr. C. F. Scott agreed with the 
author that there is a difference between the engineering inside the 
station and that outside the station. In many cases the external line 
construction lacks the standardization, the uniformity, and the higher 
grade of considerations which have generally been given to other de- 
partments of manufacture. 
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Big Searchlight for the World’s Fair. 





The General Electric Company is building the largest searchlight 
made. It is to take 300 amp. and the lens is 7 ft. in diameter. This 


will be used by the Clark Publishing Company, of St. Louis, on top 
of its tower which is being built adjoining the World’s Fair grounds. 
It is not unlikely that experiments with telephony over this search- 
light beam will be made during the progress of the Fair. 
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Early Days of the Brush Arc Light. 


By S. M. HAMILL. 

The wonderful story of the past twenty-five years of the develop- 
ment of the electric business is ever new to all of us. The able men 
of the electrical journals who from week to week have chronicled 
this story, educators in the business, constantly stirring up the new 
and raking over the old, have exerted a powerful influence for which 
the world owes them a debt of gratitude. 

The Brush Electric Company was the first in the field in the era 
you celebrate this week. Stockly, its president, and his assistants, 
Tracy, Swift and Potter, were men of energy and ability. From 
1879 to 1884 they accomplished a great work. The Brush system of 
arc lighting was soon perfected and it was pushed for all there was 
in it. The first series street arc lights were erected in the Public 
Square in Cleveland, Ohio, in 1879. Shortly thereafter local electric 
light companies were started in all the large cities and towns in 
the country. Millions of dollars were raised for the purpose. Lead- 
ing men of the country were induced to invest their money and to 
take part in the management of the enterprises. Europe and Asia 
did not escape. Even to-day, in England, the Brush influences 
persist. Potter in the early eighties organized local companies in 
Japan and China. Brush with his genius for designing and con- 
structing a new system that worked well. Stockly with his few ener- 
getic able assistants, accomplished results seldom equalled in the 
history of any new industry. 

They were pioneers of the highest order: First, in the electric 
lighting field; second, in getting rich quickly in the electric busi- 
ness; third, in selling their company to a modern combination. 

We may not yet be far enough away from Brush’s early work in 
the development of electrical apparatus and his electric lighting 
system in order to appreciate fully what he accomplished. Time 
will place him on a lofty pedestal. So far as his actual accomplish- 
ments were concerned, during the early days prior to 1884 he was 
easily the leader. Between the years 1878 and 1884 he rose rapidly 
to prominence, and his name and reputation were world-wide. Dis- 
tinguished honors abroad were conferred upon him. The apparatus 
which he designed and the building of which he superintended was 
widely used, and brought him and his immediate associates large for- 
tunes. 

Brush was a university-bred man, having graduated from the 
University of Michigan in 1869 with the degree of Mechanical En- 
gineer. This was rare and was before the days of electrical engi- 
neering schools and accounts in part for the mechanical perfection 
of his apparatus. 

While the factory of the Brush Company in the early days of its 
history was small in comparison with the great factories of to-day, 
yet for its time it was enormous, and turned out millions of dollars 
worth of apparatus which was shipped to all parts of the globe. 
Many of the engineers, or what were so commonly called “inventors” 
in the early days of electric lighting were not particularly good busi- 
ness men. The fact that few, if any of them, have amassed any 
wealth indicates this. Brush had very keen business instincts and 
not only was fortunate in his business arrangements with his com- 
pany, but was a wise and conservative adviser. He loved work, 
which was always done thoroughly and remarkably well. The Brush 
dynamo so largely used to-day is to all intents and purposes the same 
as that designed and built by Brush in 1878. The are lamp, with 
his magnetic cut-out for series circuits, the storage battery and the 
arc light carbon, each the foundation of a great industry, have not 
drifted very far from his original ideas and inventions. 

In 1879 Brush was poor; in 1886 he was very rich, with a beau- 
tiful home and large grounds in Cleveland, O., where he lives to- 
day, devoting his time to scientific work in his laboratory and in 
caring for his large interests. Take it all in all, no one man has con- 
tributed more than Brush to make this electrical age what it is; 
and to the writer, intimate association with such a leader has not 
been the least pleasure of a laborious electrical career. 








Wireless Telegraphy for Russia. 





A dispatch from Paris says: “In order to prevent interruption 
of the telegraphic service during field operations in the Far East, 
a French company of wireless telegraphy is arranging to provide the 
Russian Government with a wireless system which will enable it to 
communicate between stations thirty miles apart.” 
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Great Northern and City Railway, London, England. 


The latest London electric railway opened to traffic is a line which 
joins the Great Northern Railroad station at Finsbury Park, just at 
the four-mile radius, with the heart of the city in an almost straight 
line. It is 3% miles long and furnishes the shortest and most direct 
underground route from this station to London’s business section. 
The new line runs through a very densely populated district of 
workers, who, up to the present time, depended for entrance to the 
city on omnibuses and tramways, both of which take considerably 
more than double the time to reach the city than is required by the 
tube trains. This economy in time is expected to attract a great deal 
of traffic. It is estimated that at least 5,000,000 passengers per mile, 
or a total of 17,000,000 passengers per annum, may be looked for 
from local business alone. These figures are considered very con- 
servative, as the Central London Railway, for instance, is carrying 
about 7,000,000 passengers per mile per annum. About 30,000,000 


passengers per annum are brought to Finsbury Park, via the suburban - 


trains of the Great Northern Railway. It is figured that at least 
one-third of these passengers will use the new direct line in prefer- 
ence to the roundabout older ones, thus adding 10,000,000 passengers 
per annum, making an annual total of 27,000,000 passengers. 

The underground portion of the line consists of two 16-ft. diameter 
tunnels, opening out to nearly 23 ft. diameter at the stations. As 





FIG. I.—ONE OF THE UNITS. 


the diameter of the Central London Railway tubes is 11 ft. 8 ins., 
and the City & South London Railway only 10 ft. 6 in., the new 
line is able to carry larger rolling stock and enjoy much better ven- 
tilation than the others. The track and tunnels are also arranged 
to permit the standard cars of the Great Northern Railway to run 
through the Great Northern & City Railway’s tubes should it be 
found desirable to make the necessary connections. 

A novelty in connection with the construction of the tunnels is 
the introduction, for a very great proportion of their length, of a 
vitrified blue brick invert. It has been demonstrated by trial runs 
that this material combined with a cast-iron roof will minimize noise 
and vibration. It is less resonant than complete iron rings, and the 
fact that the tubes are constructed of such different materials makes 
the transmission of sound waves more difficult with a consequent 
noise reduction. 

The standard trains are made up of seven cars, three motor ‘and 
four trailers, having a total approximate seating capacity of 430. 
The first motor car is at the front of the train, the second in the 
center, and the third at the end. The approximate weight of the 
loaded train is 200 tons. 

The cars were built by the Electric Railway & Tramway Carriage 
Works and the Brush Electrical Engineering Company. They are 
supplied with Westinghouse quick-acting brakes. Each motor car 
carries a British Thomson-Houston motor-driven air compressor, 
reservoir, etc. There are also conductors’ emergency cocks at the end 
of each car for applying the brakes in case of need. 

Each motor car is carried on two McGuire trucks, having 36-in 
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diameter driving wheels. The trailer cars are mounted on Brush 
trucks. On each truck of the motor cars is mounted one 550-volt, 
series wound, direct-current motor. Current is collected by four 
collector shoes per truck. 

The capacity of each motor is 125 hp, rated on the basis of 75° C. 
rise in temperature above the surrounding air after one hour’s run 
on full rated load. The gear is of steel, machine cut, and enclosed 
in a waterproof case. ‘The motors are controlled by the General 
Electric multiple-unit system. An interesting fact in connection with 
this installation is that the Great Northern & City Railroad was the 
first British electric railway to adopt the multiple-unit control system. 

A 3-minute service will be introduced, single trips being com- 
pleted in 1314 minutes, which permits four intermediate of 20 seconds 
each. The trains will be shuttled at the termini thus avoiding shunt- 
ing around the stations. It is hoped to be able to maintain a 3- 
minute service throughout the day simply by shortening the trains, 
so that they may be run profitably on each short headway. 

The power for operating the system is supplied from a single gen- 
erating station located at Poole Street, New North Road, about a 
mile north of Moorgate Street station. The length (3% miles) of 
the line and position of the generating system are such as to enable 
the system to be operated without feeding in at several points, the 
current being transmitted directly to the collector rails. The gener- 
ating machinery also furnishes the current for lighting and the 
operation of the passenger elevators. 

The site adjoins the Regent’s Canal, from which water is being 
taken for condensing and other purposes, and returned to the canal 
at a point 300 ft. on the down-lock side of the in-take. Its connec- 
tion with the Regent’s Canal also permits fuel to be delivered 
cheaply alongside, from whence it is conveyed to the storage bins 
and fires by a Hunt gravity bucket conveyor, which handles 30 tons 
of coal an hour. 

Steam is supplied by ten boilers, each having an effective grate 
area of 40 square feet and capable of evaporating 11,200 pounds of 
water per hour at 212° F. when using coal giving 13,500 B.T.U. 
The boilers are fitted with automatic stokers, driven by two motors. 

The four main engines are of the vertical cross-compound type, 
built by John Musgrave & Sons, Bolton. The engines give 1,250 hp 
at 100 r.p.m. and 150 pounds pressure. They have fly-wheels weigh- 
ing about 45 tons each, and are capable of sustaining 100 per cent. 
overload momentarily. They are direct-connected to four railway- 
type generators, rated at 800 kw each, but capable of taking for two 
hours, without objectionable heating, a load up to 1,200 kw. These 
generators are also able to carry momentary overloads of 100 per 
cent. without injurious sparking. They are British Thomson-Hous- 
ton compound-wound to give 525 volts at no load and 575 volts at 
full load. 

Two engines of the single-acting, tandem-compound type, built by 
Davey, Paxman & Co., drive two B. T. H. six-pole 120-kw generators 
at 375 r.p.m. They are compound-wound for the same voltage as the 
main generators, and have an overload capacity of 50 per cent. for 
two hours. They will supply power for lighting of power house, etc., 
and for operating the electrically-driven auxiliary plant when it is 
not convenient to take power from the main generators for this pur- 
pose. 

There are four Wheeler surface condensers, each having a cooling 
surface of 2,400 sq. ft., and arranged with steam-driven combined air 
and circulating pumps. They are capable of maintaining a 26-in. 
vacuum when dealing with 2,200 pounds of steam per hour. There 
is also an auxiliary condenser of the same type, capable of handling 
the auxiliary plant and boiler feed pumps’ exhaust. These condensers 
discharge into a hot well, from which the water is delivered by two 
three-throw vertical lift pumps of the Blake-Knowles type, driven 
by enclosed motors. All the condensers have combined air and cir- 
culating pumps, driven by steam. In addition to the supply from the 
canal mentioned previously, water can be obtained from the city 


mains. A storage tank has been provided connected directly to 


the latter. 

The water taken from the canal is dirty, and varies in hardness 
from time to time during the year by reason of floods and droughts. 
lor softening and purifying both this and the town water, which is 
also variable, a Desrumaux plant has been installed in the rear of the 
boiler house, capable of treating 8,500 gallons per hour. This gives 
water having its hardness reduced to 5° and alkalinity to about 6°, 


free from solids. An automatic arrangement is adjusted between the 

















MARCH 5, 1904. 





softener and storage tank, whereby the softening process is sus- 
pended and recommenced as occasion may require, thus giving a 
continuous supply of purified and softened water, with a minimum of 
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breakers are of the magnetic blow-out type, and the measuring instru- 
ments of the astatic illuminated dial and feeder type. 
Cables run from the switchboard along the outside of the boiler 





Fic. 


supervision. A Masson-Scott plan is installed for removal of oil 
and grease from the water of condensation and for the purification 
of the water for boiler feed purposes. This plant is capable of 
dealing with 10,000 gallons per hour. 

The oil and grease which has passed through the steam engines 
is in the form of a divided emulsion, so fine in its character that it 


2.—ENTRANCE TO THE TUNNELS. 


house wall and then down a special cable shaft into the tunnels. 
The bus-bars on the board are so divided that the auxiliary-generator 
lighting and auxiliary-motor panels can be isolated from the main 
generator and heavy feeder panels by the operation of one switch, 
insuring the uninterrupted operation of the lighting system if any 
accident’ occurs to the main power circuits. Separate paper-insulated 
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is impossible to remove it by mechanical filtration alone, chemical 
treatment as well as filtration being essential. The apparatus is thus 
a combined plant for first chemically treating, and finally filtering 
every gallon of water which leaves the surface condensers, producing 
a perfectly clear effluent, free from grease of chemical admixtures 
and of a fixed degree of hardness suitable for boiler feed purposes. 
A switchboard, four-feeder, 
two auxiliary generator I 


consisting of four main-generator, 


panels, three-auxiliary power and _ three- 


auxiliary light panels, is installed in a gallery at one end of the engine 
room, commanding a view of all the main generators. The circuit 





GENERAL VIEW OF POWER STATION. 


feeding cables are provided for traction, for lighting and for elevators, 
and rubber insulated cables for lamp circuits and connections. 

The other station plant comprises steam-driven feed pumps, motor- 
driven economizer, two motor-driven lift pumps, storage and receiv- 
ing tanks, water softening plant, one 30-ton three-motor overhead 
crane, etc. 

Two insulated conducting rails are used per track, one being for 
the return circuit. Both rails are placed outside of the running 
rails. The conducting rails are of channel section, weight 80 pounds 


49.Tt 


per yard, and are rolled to about 42 lengths. They are of a special 
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quality of low-carbon steel, having a conductivity of 14 per cent. 
of that of pure copper of equal area. These rails are supported on 
earthenware insulators, 10 in. outside of the gage, carried on 
spindles supported by cast-iron brackets fixed to the sleepers. The 
system of collector rails is divided up into four sections, fed inde- 
pendently from the generating station. The running track is laid 
to standard gage, consisting of 85-pound flanged rails laid on longi- 
tudinal stringers in the tunnels and on cross-ties in the open. As it 
carries no current it is not bonded. 

All lighting circuits are carried in iron tubes, and the tunnels are 





FIG. 4.—VIEW OF ONE OF THE TRUCKS. 


provided with lamps every 100 ft. The passenger stations are lighted 
on the rail and street level by enclosed arc lamps, and station switches 
are fixed which control the incandescent lamps in the tunnel half- 
way to the u.\t siation in each direction. The lamps are placed five 
in series, and the ciicuits are run so that there is never more than 
the voltage of one lamp between two adjacent wires in the same 
pipe. Specia) throw-over switches are provided to take the lighting 
current from the conductor rails when the special lighting cables 
are not charged. 





Power Transmission in Washington State. 


Mr. Herbert Hunt, of Everett, Wash., furnishes some interesting 
details as to the May Creek power plant of the Everett Railway & 
Electric Company, on Lake Isabel, 32 miles east of that city. The 
plant is designed to furnish 15,000 hp to Everett for the street rail- 
way, public lighting and private power, as well as for the Everett- 
Snohomish interurban line of 12 miles, and later to supply other 
interurban trolley lines which this company will build. 

The intake for the 32-in. steel pipe will be 30 ft. below the surface 
of Lake Isabel. The pipe will be carried 12,000 ft., with a fall in 
that distance of 2,500 ft. This distance will be shortened by 4,000 ft. 
if the company determines to tunnel a granite hill lying between the 
lake and site for the power house. Owing to the pressure special 
steel pipe has been ordered. Toward the nozzle the pipe decreases 
in diameter to 20 in. 

The diameter of the nozzle itself will be but % of an inch. A 
wheel of the Pelton type will be used. One %-in. stream will develop 
10,000 hp. Later, when additional power is needed, another stream 
and wheel will be installed, developing 6,700 hp additional. The 
pressure on the steel pipe is 1,100 pounds to the sq. in. The speed 
of the water leaving the nozzle is 25,000 ft., or more than four miles 
a minute. The cost of the plant will be about $600,000, and it will 
take the place of a fine steam plant built two years ago. 

The outlet of Lake Isabel will be dammed, thus storing enough 
water for a six months’ run. This is not necessary, but is a precau- 
tionary measure. May Creek is not large, but is a tumbling moun- 
tain stream flowing into the lake, and is never dry, so far as the oldest 
inhabitant knows. The company is now building roads to the lake, 
which is a little more than a mile from the Great Northern tracks. 


Power Lines Near Ocean. 











It is stated that the transmission wire of the United Electric Gas & 
Power Company, through Santa Monica, Cal., is to be removed from 
Speedway and carried back to Eighth Street, extended on to Redondo, 
San Pedro and Long Beach. The close proximity to the ocean, it 
is thought, has been the cause of the frequent sparking of the poles 
by the 22,000 volts carried through the wire. The company is recon- 
structing its transmission lines and using only iron poles in the new 
work 
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New Telephone Patents. 


IMPROVED SWITCHBOARD CONNECTING CORDS. 

Wherever flexible electrical conductors have been required it has 
been well nigh universal practice to built them up out of numerous 
strands of small diameter. In telephone work tinsel strands have 
been largely used, and prior to the introduction of the common 
battery system such conductors were considered amply good for 
any service. With this modern system, wherever a continuous cur- 
rent is conducted, considerable annoyance may be experienced from 
the breaking of a few of the tinsel strands, the loose contacts at the 
break serving as microphones. To obviate this difficulty in switch- 
board connecting cords, which are subjected to great wear, a cord 
having single-strand conductors has been designed by Mr. H. B. 
Holmes, of Evanston, Ill. This is a three-conductor cord, the con- 
ductors being spiraled up in a manner such that while the whole is 
sufficiently flexible all bending takes place upon a radius of sufficient 
length to distribute strains. 

In Fig. 1 is shown a section of cord partially fanned out to render 
the construction clear. It will be noted that a hemped string forms 





Braided Linen 


FIG. I.—HOLMES CONNECTING CORD. 


the core. About this core a thin ribbon of spring steel strip .008 in. 
thick and .025 in. wide, tinned to prevent corrosion, is tightly wound 
making approximately twenty-two turns to the inch. Two layers of 
silk floss and a braid of linen follow. Then comes the second 
ribbon conductor, spiraled in the reverse direction from the first and 
making eighteen turns per inch. Floss and braiding follow, as for 
the first conductor. These two conductors have resistances re- 
spectively of nine and eleven ohms for a seven-foot cord and are 
to be used for the talking circuit. 

Now follows the signal conductor, for which the resistance must 
be kept low in order not to disturb the current ratios of existing 
systems. This conductor consists of a copper ribbon wound on in 
one direction and a steel ribbon wound in the reverse direction, the 
copper lying beneath at four turns to the inch, and the steel at four- 
teen turns to the inch. This combined conductor has a resistance 
of two and a half ohms per seven feet. The cord is finished with 
braiding and reinforcing in the usual way. This cord is apparently 
of a construction to stand great wear and tear, and should have 
a life considerably greater than the tinsel cord. The Western Elec- 
tric Company have obtained this patent by assignment. 

CENTRAL ENERGY CIRCUITS. 

A two-wire central energy system has been patented by W. M. 
Davis, of Chicago. A differential line relay is used, one winding 
of which is so arranged that it becomes shunted by the insertion of 
a plug in the associated line jack. The armature of the relay then, 
of course, comes up, thus opening the line signal circuit. The con- 
necting cord circuit runs directly from plug to plug for one side 
of the line, while for the other a condenser is inserted to permit of 
the use of two supervisory signals. The supervisory relays which 
control the lamps through back contacts serve as retardation coils 
through which current is fed to the subscribers’ lines. This arrange- 
ment of relay, of course, corresponds to a closed circuit for the 
lamps, when the cords are not in use; and, therefore, the lamp cir- 
cuit must be opened independently of the relays by the removal of 
the plugs from the spring jacks. This is accomplished by making 
a portion of the circuit common for the lamp and for talking, this 
common portion including the plug and jack. Mr, Davis has as- 
signed his patent to the Stromberg-Carlson Company. 

NEW DESIGN OF JACK. 

A two-wire system jack recently patented by Alfred Stromberg 
has also been assigned to the Stromberg-Carlson Company. This 
is designed for a system slightly different from that just described. 
This may be called a “bank” jack, being built in groups or banks 
of one hundred. Fig. 2 shows the construction fairly well. The 
front plate of hard rubber is shown at 1. The back plate, 5, in 


which the springs are mounted is built up of rubber strips. The 
jack thimble, it will be noticed, is not spun into position according 
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to standard custom, but is held by its conducting extension being 
riveted to one of the line springs. At the ends of the bank metal 


— Po + \ 





FIG. 2.—STROMBERG SWITCHBOARD. 


spacing pieces are run across from front to back, to maintain the 
parts in their proper relative positions. 
TRANSMITTERS. 

Something quite peculiar in transmitters appears in a patent 
which has been issued to Pierre Germain, of France. This trans- 
mitter is provided with a heating coil which surrounds the carbon 
electrodes, the inventor stating that these work best when at about 
80° C. Another feature is a supply of sodium or similar substance 
within the casing of the transmitter. This is designed to absorb 
moisture and oxygen to prevent corrosion of the parts. The third 
feature of note is the mixing of metallic oxides with the carbon 
of the microphone. In some cases it is mixed before baking; in 
others, after baking. 

Two other transmitter patents relate to an instrument for the use 
of the deaf. The transmitter described is a double affair, being 
composed of what is practically two transmitters with their mouth- 
pieces removed and their inlets opposed. Leading into these inlets 
are two curved sound passages, so shaped that two currents of air 
meet, the idea being to make the sound wave disturbances spread 
out over the diaphragms in virtue of the meeting of the two passages. 
The casing of each element is perforated with numerous small 
holes in a manner such that these serve to connect the outside air 
directly with the air spaces in front of the diaphragms. The inventor, 
H. G. Pope, of Brooklyn, N. Y., states that this perforation promotes 
clearness. 

RECEIVER SUPPORT. 

The receiver support has again appeared, this time in a form rather 
more commendable than some of those of earlier design. This sup- 
port has an attachment engaging the hook switch in a manner such 
that the hook is not depressed except when the ear of the user is 
forcing it to one side. G. B. Buchanan, of Haverstraw, N. Y., is 
the patentee of this holder. 

RINGING DEVICES. 

An apparatus for ringing from subscribers’ stations without the 
use of a magneto has been patented by O. O. Lee, of Chicago. Mr. 
Lee employs an auxiliary hook switch contact which is closed only 
when the hook is near the mid-position of its stroke. When this 
contact is held closed, a vibrator, associated with the induction coil, 
begins to move, rapidly breaking and making the primary circuit 
of the induction coil. The secondary sends out impulses of alter- 
nating current to the line. A rather powerful battery must be used 
for the ringing, a cell or two of this being used for the talking circuit. 

Another ringing device is one patented by W. D. Watkins, of San 
José, Cal., designed for selective signaling. This is a step-by-step 
mechanism of very simple construction. The pawl operating arma- 
ture is worked under the influence of the coils of the ringer while the 
selective device does not render any circuit changes necessary, being 
dependent upon releasing one bell hammer after another as the parts 
rotate, by the withdrawal of a stop which normally restrains its 
motions. 

Two other step-by-step selective devices are subjects of patents 
in the issue under consideration. These are respectively the work 
of R. Hamilton, of Milton, Mass., and Messrs. H. Redmon, R. L. 
Hall and R. H. Conway, of Cynthiana, Ky. The apparatus and 
methods of operation of the two systems are markedly different, yet 
both involve merely the features of such systems, with the 
possible exception that special attention has been given to syn- 
chronizing all the instruments of a line after its use. 


usual 
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CURRENT NEWS AND NOTES. 


LONDON STREET LIGHTING.—The most recent returns show 
that the streets of the 118% square miles of London are lighted by 
4,974 electric arc lights, 1,185 electric incandescent lights, 56,690 in- 
candescent gas lamps and 18,248 flat flame gas burners. This leaves 
a lot of work ahead for electricity. 





TELEPHONY IN CHINA.—For some time the introduction of 
the telephone in Canton, China, has been talked of, and is now said 
to be a fait accompli, the arrangement being in the hands of the Im- 
perial authorities. All the large yamens will have the advantage of 
this new departure, and many large dealers and banks will also 
be provided for. It may not be generally known that some years ago 
the telephone was introduced in Shameen, but very high charges 
were made, and the enterprise proved a failure. 





BRITISH TRAMWAYS.—During 1903 the number of passengers 
carried by the tramway system in the United Kingdom reached the 
number of 1,681,948,655, an increase of 287,495,672 over 1902, while 
the mileage had increased from 1,482 to 1,772 miles. The number of 
companies operating was 296. In 1894, 30,528 horses were at work 
in connection with the tramways in England; in 1902 the number 
was 24,120, but last year the total fell to 20,005, and the number is 
destined still to diminish, as the tramways are rapidly becoming 
electrified. 





MORE SUBWAYS FOR NEW YORK.—The Metropolitan (In- 
terurban) Street Railway system of New York has laid plans before 
the Rapid Transit Commission for a complete underground system 
to be operated under a 5-cent transfer system in connection with the 
500 miles of Metropolitan surface line. Mr. Parsons is quoted as 
sayirig that the system will take about $40,000,000 to build, as com- 
pared with $35,000,000 for the Belmont subway now nearly ready 
for use. At the best, the Metropolitan system can hardly be ready 
before the growth of population has more than overtaken the new 
facilities. 





THAWING IN NEWARK, N. J.—During the recent 
severe cold spell, the Street and Water Board of Newark, N. J., 
adopted the electrical method of thawing out water pipes. The 
transformer and rheostat were put upon a wagon and moved from 
place to place. When one service pipe was to be thawed out a wire 
was attached to a faucet in the kitchen or laundry and the other was 
fastened to a fire plug in the street. In five minutes the ice in the 
pipe thawed out to the main, and steaming water ran from the 
When two houses which were in-trouble were close to- 
gether, one wire was attached to the faucet in the first house and 
the other to that in the next. The frost went so deep into the 
ground that there was trouble all over the city, and the authorities 
cleared twenty or thirty pipes a day by this novel method. It was 
done gratis where the pipes have been laid from the mains to the 
houses by the city, which is the case with all that have been laid 
in the last ten years. Otherwise the cost was $5 or $10. By the old 
means of digging up the street it would cost from $25 to $50. 


PIPE 


faucet. 





BOHEMIAN PITCHBLENDE.—Mr. N. J. Ledoux, United 
States Consul at Prague, Austria, writes as follows: “The govern- 
ment mines at St. Joachimsthal, which have become famous since 
the discovery of radium, are in Bohemia. In the course of the man- 
ufacture of uranium colors, the radioactive element of the pitch- 
blende (radium, etc.) remains in the residue of the alkaline solu- 
tion of patassium salt, which, since the discovery of the fact that it 
contains radioactive substances, is being evaporated and sold to 
chemical works and institutions of learning for the manufacture 
of radium preparations. The quantity of residue of alkaline solu- 
tion of potassium salts amounts, according to the extent of the 
manufacture of uranium colors, to 11,000 to 17,600 pounds per annum. 
Orders for this residue should be addressed as follows: ‘K. K. Berg- 
werksproduktion-Verschleiss-Direction, Vienna, Austria,’ or to ‘K. K. 
Berg-und Hiittenverkaltung, St. Joachimsthal, Bohemia, Austria.’ 
There is, however, no pitchblende for sale now. Application should 
be addressed to the above-named officials for proper attention when 
any available supply is on hand.” 
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NERNST LAMPS FOR ST. LOUIS EXPOSITION.—The Art 
Building interior at the St. Louis Exposition will be lighted by 
Nernst lamps. The white light of this lamp should adapt excellently 
to the illumination of paintings so as to give approximately a day- 
light effect. 

WIRELESS TELEGRAPH INSTRUCTION.—The Navy De- 
partment is making preparations to transfer the wireless telegraphy 
school for enlisted men from Newport to the Navy Yard at New 
York, where better facilities are afforded for this work. It is 
intended to assemble there all men under electrical instruction, both 
in wireless telegraphy and other branches. 





NEW CABLE TO JAPAN.—The Bourse Gazette, of St. Peters- 
burg, commenting on the report that the United States has under- 
taken to lay a submarine cable from the Philippine Islands to Japan, 
to prevent the latter’s isolation in case the Russians cut the Shanghai 
cable, makes a bitter attack upon the United States Government “for 
this new evidence of its breach of neutrality,” claiming that the con- 
tention of the United States that the laying of the cable will be un- 
dertaken for the improvement of trade relations “does not clear 
America’s skirts,” and inquiring “what the Americans would say 
if Germany had run a cable from Kiaochou to Port Arthur or Vlad- 
ivostok?” Washington dispatches on February 24 said that the 
Commercial Cable Company had addressed inquiries to the govern- 
ment as to whether permission could be secured to land on the island 
of Guam a cable connecting with Japan. This cable would connect 
at Guam with the present Pacific Commercial cable to the United 
States. It was said that the request was based on the apprehension 
that the existing Japanese cables, both of which run to Shanghai, 
might be cut during the present hostilities, and Japan thus be isolated 
from the world. In considering the request the government was 
said to have reached the conclusion that an assent would not involve 
a breach of neutrality, taking the ground that a cable is a commercial 
instrument like a mailship. 





RUSSIAN TELEGRAPH CENSORSHIP.—The Russian Gov- 
ernment has abolished the censorship upon all news and other tele- 
grams going abroad. The lifting of the embargo, which has existed 
for generations upon the free transmission of news from the Rus- 
sian Empire, came as a direct result of the consideration of the 
subject by the Czar himself, and in some respects this abolition is 
regarded there as the most important act since the emancipation of 
the serfs. Foreign telegrams, until recently, were subject to censor- 
ship at the Ministry of Foreign Affairs, but, since the death last 
autumn of M. Gretch, who was at one time connected with the Rus- 
sian Embassy at Washington, the censorship has been temporarily 
under the Ministry of the Interior, where the permanent censorship 
bureau of plays, books and newspapers in Russia is located. News 
telegrams addressed to foreign sources originating in the most dis- 
tant parts of the empire, Vladivostok, for example, were formerly 
telegraphed to St. Petersburg to be passed on. M. de Plehve, 
Minister of the Interior, and Count Lamsdorff, the Foreign Minister, 
both joined in the recommendation that the censorship be abolished. 
The internal censorship is to be retained, but foreign dispatches are 
to be entirely free. Inasmuch as a state of war exists, telegrams 
from the theatre of hostilities will be subject to the same kind of 
military censorship enforced in all countries under similar circum 
stances. 


N. E. L. A.—Mr. Ernest H. Davis, secretary of the National 
Electric Light Association, reports that for the Question Box at the 
Boston convention, next May, nearly 300 questions for Mr. Hart 
nan to get answered, have come in. The new active members of 
the Association are: Montgomery Light and Water Power Company, 
Montgomery, Ala.: Hot Springs Water Company, Hot Springs, 
\rk.; Monterey County Gas and Electric Company, Monterey, Cal. ; 
Moscow Electric Light and Power Company, Moscow, Idaho; Free 
port Railway Light and Power Company, Freeport, IIl.; Richmond 
Light, Heat and Power Company, Richmond, Ind.; Keokuk Electric 
Railway and Power Company, Keokuk, Iowa; Waterloo and Cedar 
Falls Gas and Electric Company, Waterloo, Iowa; The Electric 
Railway, Light and Ice Company, Junction City, Kan.; Clinton 
Gas Light Company, Clinton, Mass.; Great Barrington Electric 
Light Company, Great .Barrington, Mass.; Edison Sault Electric 
Company, Sault Ste. Marie, Mich.; Edison Electric Light and 


Power Company, Amsterdam, N. Y.; The Allegheny County Light 
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Company, Pittsburgh, Pa.; Newport and Fall River Street Railway 
Company, Newport, R. I.; Bristol Gas and Electric Company, Bris- 
tol, Tenn.; Burlington Light and Power Company, Burlington, Vt.; 
The Washington Water Power Company, Spokane, Wash. The 
new associate members are: Ford, Bacon & Davis, New York City; 
American Conduit Company, New York City; B. D. Nath, Schen- 
ectady, N. Y.; William Thomas Taylor, Schenectady, N. Y. 








LETTERS TO THE EDITORS. 





Steam Turbine Economy. 





To the Editors of Electrical World and Engineer: 

Sirs :—Referring to the article by Mr. A. N. Mattice in your issue 
of February 20, on the 1,250-hp steam turbine for the Interborough 
Company, the economies shown are certainly very good, but it is 
unfortunate that Mr. Mattice does not give the consumption of the 
auxiliaries, particularly the air and circulating pumps and super- 
heaters. 

Articles of this kind are apt to be misleading and as an illustration, 
the operation of a compound reciprocating engine by means of the 
air pump may be cited, where no steam is actually consumed by the 
engine itself, the work being done entirely by the “vacuum,” i. e., 
atmospheric pressure. 

We have been informed so many times by the manufacturers of 
turbines, of the necessity of high—in fact almost theoretical—vacuum, 
that it is somewhat of a question if the high economies claimed are 
not more than offset by the means adopted to obtain them; viz., the 
use of large air and circulating pumps, and super-heaters, etc. 
CHICAGO. Cyrus Ropinson. 





Theory of the Repulsion Motor. 





To the Editors of Electrical World and Engineer: 

Sirs :—I have read with much interest the data published in the 
ELECTRICAL WorLD AND ENGINEER on page 266 and following, on 
the subject of repulsion motors of the General Electric Company. 
The information, as well as the discussion by Mr. Steinmetz confirms 
fully the elementary theory of the repulsion motor which I gave 
last year (see Elek. Zeitschrift, June 11, 1903), and which was later 
developed by several authors. 

In the article referred to I pointed out the fundamental charac- 
teristic and that which decides the future of the repulsion motor; 
that is to say, in this motor there is produced a true revolving mag- 
netic field which in itself suffices to insure a perfect commutation 
of the motor at normal speed. I am, therefore, convinced that the 
large motors of the General Electric Company, if they are satisfac- 
torily dimensioned, will operate at normal speed with a commutation 
equivalent to that of the best continuous-current dynamos. Under 
the above conditions it is not necessary to establish a comparison 
between the repulsion motor and the ordinary series motor. In fact, 
an ordinary series motor of 100 hp, 25 cycles (I refer to a motor with 
a continuous output of 100 hp) has an impossible commutation. 
High-resistance connections between the armature leads and com- 
mutator undoubtedly improve the commutation, but not to a suffi- 
cient degree. 

The repulsion motor is manifestly superior to the series motor 
at normal speed of operation, but conditions of commutation during 
the period of starting are the same for both motors. In this respect 
it is quite certain that the large motors of the General Electric Com- 
pany commutate badly during the period of starting unless some 
special and novel arrangements have been adopted to avoid this 
effect. 

The repulsion motor is the only serious competitor of my series 
compensated motor with power factor unity. Large motors built 
according to my design evidently present during the period of start- 
ing commutation difficulties which are the same as those of large 
repulsion motors. I have, however, discovered several new improve- 
ments which entirely overcome the defects for both kinds of motors, 
and J intend to describe these improvements later. 

Concerning discussions of efficiency, power factor and weight of 
the ordinary series motor and the repulsion motor, I would say that 
they cannot bring forth any new results other than those which have 
already been obtained with single-phase induction motors. 

Paris, FRANCE. Martius LATOUR. 
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Single-Phase Alternating Current Motors. 


To the Editors of Electrical World and Engineer: 

Stirs :—My attention has been called to the luminous sketch con- 
tained in your issue of February 13 describing the widely heralded 
Westinghouse (Lamme) alternating-current railway motor. (Blow 
ye trumpeters, blow!) And I have read the entire article with much 
pleasure and some profit. (’Tis always pleasant to meet old friends.) 
The following startlingly novel discoveries are disclosed: 

Ist. With alternating currents laminate the magnetic circuits. 

2d. To reduce secondary circuits in the armature circuits insert 


E 
Formula, / = —. 
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resistance. This failing, do something else. 


3d. To reduce the inductance of the motor.—A. Decrease the ap- 
plied frequency. B. Unwind the field coils. C. Demagnetize the 
blessed thing. 

4th. To get good commutation—commutate. 

5th. To make the motor work with alternating currents, make the 
alternating currents work the motor. 

6th. To make it work better, patent it. (Don’t patent it plainly, 
just patent it so the experts can have a chance to tell the truth.) 

7th. If it looks a little old and seedy, get a new name plate. 

From the above data I draw the following conclusions: There 
are two fundamental methods of producing inventions—first, make 
them ; second, take them. Yours very truly, 

WILliAM STANLEY. 

P. S.—If the above is not entirely clear— 

Ask Weston about the multiple armature winding used about 1880. 

Ask Kelly about the armature resistances used about 1801. 

Look at patent No. 470,675, July 26, 1892, for the rest of it. 

Brookside, February 20, 1904. W. S. 


[Following is a reprint of the specifications, drawings and claims 
of Patent No. 470,675, issued July 26, 1892, to William Stanley, Jr., 
and John F. Kelly, on an application filed November 4, 1891, the 
title being “Alternating-Current Motor.”—Ebs. ] 

This invention relates, mainly, to electro-magnetic motors designed 
or adapted to be operated by alternating currents. 

The special form of motor contemplated as within the limits of the 
applicability of the invention may be very widely varied; but for 
purposes of illustration the invention will be described as applied 
to any ordinary type of motor having a commutator and armature- 
winding similar to those existing in continuous-current generators 
and motors and a field magnet (which should be laminated or mag- 
netically subdivided) energized by coils in series with or in deriva- 
tion to the armature-circuit. If an alternating current be caused to 
flow through the armature coils of such a motor, it will, as is well 
understood, be subject to a given retardation, due to the self-induc- 
tion of the armature. In fact, it has been found that this retardation 
may be and generally is sufficient to very seriously impair the 
efficiency of the machine. It may be corrected or neutralized in its 
effects and the trouble due thereto avoided by the employment in 
the circuit of a condenser of suitable capacity; but when the whole 
of the energy to be transmitted must pass through the condenser 
the latter becomes a large and costly adjunct and the apparatus as 
a whole becomes less available for general service. It will be under- 
stood that if on the armature a second winding were applied symmet- 
rical with the first, but in which the current passes in a direction oppo 
site to that of the current of the first, that no self-induction, and in 
consequence no lag, would result. With both windings attached to 
the armature-core, however, no effective torque would be developed, 
as it will readily be seen that each winding or coil would be impelled 
in an opposite direction. If, however, only one of such windings be 
made fast to the revolving armature-core while the other is fixed in 
space, the maximum torque is secured, while the self-induction is re- 
duced to a minimum, since the two windings, as before, will neutralize 
one another, so far as self-induction is concerned, while the stress 
due to the field will be transmitted from but one of them to the core. 
It is not necessary that the two windings should be exactly alike, if 
effects shall be approximately equal and 


only the magnetizing 


opposite. 
In direct-current motors and generators a somewhat similar dis- 


position of coils to that above described has been employed to neu- 
tralize the magnetism imparted by the armature-coils and for the 
purpose of preventing change of lead; but as we propose to deal 
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only with alternating-current machines we place our coils exactly 
parallel to the field magnetization and organize them so that they 
serve as anti-induction rather than anti-magnetization coils and 
close them upon themselves, so that they will be acted upon in- 
ductively by the moving armature-coils and, by the current gen- 
erated therein, tend, so to speak, to check the rise of magnetism in 
the armature rather than its ultimate development. 

The invention therefore consists in the combination, in a ma- 
chine of the kind described, with the rotating armature and coil or 
coils thereon, of a stationary coil or coils closed upon itself or them- 
selves, adapted to produce an effect approximately equal but opposite 
to that of the coil carried by the armature, whereby the self-induction 
and consequent retardation in the armature will be neutralized or 
overcome. 

The plan or means by which the invention is carried out is illus- 
trated in the accompaning drawings. 

Fig. 1 is an end view of a motor embodying the invention. 
is a perspective view of an armature, exhibiting, diagrammatically, 
the special winding which the invention involves. Fig. 3 is an end 
view of a multipolar field-magnet with the improvements applied 
to the same. 

In Fig. 1, AA, represent the field-core of any ordinary motor; 
BB, the polar projections between which the armature is mounted, 


Fig. 2 





FIGS. I, 2 AND 3.—SINGLE-PHASE ALTERNATING-CURRENT MOTOR. 


and CC, the energizing field-coils surrounding such polar projec- 
tions. D is the armature-core, E the coils wound thereon, and F 
is the usual commutator. G designates the stationary coil. This 
coil is wound in convolutions parallel to those on the armature and 
are conveniently contained in recesses or grooves H, cut or formed 
in the faces of the pole-pieces. 

The relations of the two armature-coils are better illustrated in 
lig. 2. The armature D in this case is wound in the usual way, 
with a conductor laid parallel with its axis in coils connected with 
the segments of the commutator F. The line of commutation is 
shown by the position of the brushes L L, and the stationary coil G 
is shown as surrounding the armature, its convolutions being in 
planes at right angles to the line of commutation. 

In Fig. 1 the armature and field-coils are in series and the sta- 
tionary coil is closed upon itself. The stationary coil is shown more 
clearly in Figs. 2 and 3 as having its ends connected together, the 
coil being thus in closed circuit. 

In Fig. 3 the field-core is provided with a number of pole-pieces, 
being, in fact, a type of multipolar machines. The stationary coils 
in this case are wound in grooves in adjacent pole-pieces, so as to 
produce an opposite magnetizing effect upon or in the armature to 
that of the armature-coils. For example, if the tendency of an 
armature-coil is to produce a north pole in its core at any given 
point, as N, the corresponding stationary coil will have an equal 
tendency to setting up at the same point an opposite pole. So, in 
general, where the armature-coils act to establish poles NS, the 
stationary coils néutralize such action by establishing poles S’ N’, as 
indicated in the diagram. The stationary coils, G, it will be observed, 
do not sensibly affect the magnetic conditions of the field, owing to 
their position relatively thereto; but their magnetizing influence is 
manifested in the armature-core, where it opposes that of the arma- 
ture-coils. 

In practice the conductors of the supplemental or stationary coil 
or coils will be bent aside at one or both ends of the armature to 
permit the latter to be introduced in or withdrawn from the field- 
magnets, as is indicated in Fig. 1. 

This invention is more particularly applicable to and useful with 
motors; but it may be used to advantage, when the machine is run 
as a generator, for preventing lagging of the current. 

The claims are as follows: 

1. The combination with the armature of an alternating-current 
motor and the energizing-coils wound thereon, of a stationary coil 
closed upon itself and having its conductors or convolutions sub- 
stantially parallel to those of the armature-coil, whereby the self- 


induction of the armature will be neutralized, as set forth. 
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2. The combination, with the armature of an alternating-current 
motor having a commutator to which the coils wound on the arma- 
ture are connected, of a stationary coil closed upon itself and having 
its conductors or convolutions substantially parallel to those of the 
armature-coil, whereby the self-induction of the armature will be 
neutralized, as set forth. 





American Electrochemical Society Elections. 





To the Editors of Electrical World and Engineer: 
Sirs :—In common with most of the directors of the American 
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Electrochemical Society, I signed a petition for. a constitutional 
amendment, making the president, vice-presidents and managers 
ineligible for re-election. I must, therefore, decline to be a candi- 
date for re-election to the office of vice-president, for which, I am 
officially informed, I have been nominated. 

At the same time, in view of the very handsome vote which my 
friends have cast for me in nomination for the presidency of the 
Society, and of the fact that the board of directors are not endors- 
ing any one for that office, I announce myself as a candidate for 
the presidency. 


ANN Arpsor, MIcH. Henry S. CARHART. 


DIGEST 


OF 
CURRENT ELECTRICAL LITERATURE. 





DYNAMOS, MOTORS AND TRANSFORMERS. 


Alternators in Parallel—Boutre.—An abstract of a paper read 
before the Leeds Section of the (British) Institute of Electrical En- 
gineers, discussing the operation of alternators in parallel. He 
briefly discusses the methods for quickly damping oscillations which 
occur; they are either mechanical damping methods of the well- 
known device of Hutin and Le Blanc or similar methods. If, on ac- 
count of sufficient fly-wheel masses, the fluctuations of energy sup- 
plied to the network are smaller than the fluctuations of energy of 
the crank effort diagram, damping is useless. But if there are small 
fly-wheel masses, so that the fluctuation into the network are larger 
than the fluctuations of energy of the crank effort diagram, damping 
will give good results. In other words, use damping with multi- 
crank sets, but not with single-crank sets.—Lond. Elec. Rev., Feb- 
ruary 5. 

REFERENCES. 

Theory of Alternating-Current Generator.—Putvuj.—The conclu- 
sion of his mathematical article on the application of the circle dia- 
gram to the theory of alternating-current generators. He develops 
the equation of the power curve.—Zeit. f. Elek. (Vienna), February 7. 


Theory of the Repulsion Motor—Crrevy.—The first part of an 
article in which the author starts with a discussion of Steinmetz’s 
symbolic method, in order to deduce later the circle diagram of the 
repulsion motor, and to give a general method of deducing the 
graphic theory of an alternating-current apparatus.—Lond. Elec. 
Rev., February 5 

Single-Phase Commutator Motors——LEHMANN.—A note on some 
special points in Blondel’s theory of single-phase commutator motors, 
and especially on the repulsion motor diagram.—L’Eclairage Elec., 
February 13. 

Eddy Currents——Fie_p.—An article on eddy currents in dynamo 
machines. The author criticises several points of Thornton’s recent 
paper and endeavors to show that the figures of his estimates cannot 
be right.—Lond. Elec., February 5. 


LIGHTS AND LIGHTING. 


Osmium Lamp.—Batty.—An article in which the author gives 
some results obtained with 55-volt, 32-cp lamps, made by the Vienna 
company which owns the Osmium lamp patents. There are three 
loops of wire, each anchored at the end, the total length of wire being 
40 cm., with a diameter of 0.1 mm. The wire is very hard, and as 
brittle as glass, with a pale greyish-white surface. The variation 
between the five lamps tested in candle-power and efficiency was 
very slight. The average results are given in the adjoining diagram. 
In general the curves resemble those of the carbon filament lamp, 
but the agreement is not e :t. The resistance increases with the 
temperature, while that ot e«rbon between a red heat and a yellow 
heat slightly diminishes. Therefore, the watts absorbed, as the e.m.f. 
is raised, increase more rapidly for the osmium than for the carbon 
lamp. Nevertheless, the increase of candle-power is more rapid in 
the carbon than in the osmium lamp. Thus it varies as the sixth 
power approximately in the former, while the curve shown here is 
of the form cp = 0.0000035 multiplied by the fourth power of the 
e.m.f. The relation of efficiency (candles per watt) to candle-power 
for the osmium lamp is given by the equation efficiency = 0.065 mul- 


tiplied by the 062d power of the candle-power, as against 0.028 
multiplied by the 0.7th power of the candle-power for a carbon lamp. 
Thus, the improvement of efficiency is more rapid in the carbon 
lamp than in the osmium lamp. The important point about the lamp 
is its efficiency, which at the normal pressure of 55 volts is 1.9 watts 
per candle. Some favorable results, obtained by Wedding, as to life 
and maintenance of efficiency, are recorded; they were already noticed 
in the Digest. The cost of the high efficiency of the osmium lamp 
is stated to lie mainly in the higher temperature which the metal 
will stand, but it seems to be a slightly more efficient light radiator 
than the carbon, especially at lower temperature, although the ratio 
is probably reversed at higher temperatures. The color may be de- 
fined as similar to that of a carbon lamp running at 2.1 watts per 
candle. It is thought that the lamps should form excellent sec- 
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OSMIUM LAMP CURVES. 


ondary standards of light, because of the whiteness of the light, the 

small deterioration of the candle-power, and, lastly, because of the 

smaller variation of candle-power with change of e.m.f., rendering 

error of adjustment of e.m.f. less serious than in the case of the 

carbon standard lamp. On this account they should be adjusted to 

a definite e.m.f., not to a definite current.—Lond. Elec., February 12. 
REFERENCE. 

Theatre Lighting.—A fully illustrated description of the new light- 
ing installation of the Drury Lane Theatre, in London. The equip- 
ment has been recently brought up to date to minimize danger 
of fire. The installation is described in detail, especially the switch- 
board and the regulators for stage lighting —Lond. Elec., February 12. 


POWER. 


Electricity in Mines.—A reprint in abstract of a report of the (Brit- 
ish) Departmental Committee, appointed to consider the use of elec- 
tricity in mines; also an editorial on the subject. The committee, 
while refusing to dictate as to which system of generation, transmis- 
sion and distribution should be employed, clearly exhibits a leaning 
towards three-phase working. In one instance it is stated that a coal 
cutter, daily cutting 250 tons of coal, was driven by a three-phase 
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induction motor, and has worked well for some years; coal cutting 
is the most arduous work in coal mining. Dangers with the use of 
electricity in mines do exist, but they are much smaller than is gen- 
erally imagined and accidents usually arise from faulty installations 
and careless or unskilled handling. The committee emphasizes the 
fact that no matter what the system may be or how high the voltage 
employed the whole installation should be considered a source of 
“potential danger.” Except where electric locomotives are employed, 
or under other very special conditions, the committee do not con- 
sider an earthed return advisable. A warning is uttered against the 
overloading of cables by the addition of numerous subsidiary motors. 
—Lond. Elec., February 5, 12. 


Hoisting in Mines.—HerzFe_p.—An illustrated article in which the 
author says that the sudden variation of load, which is one of the 
disadvantages of winding work, is felt much less with electric power 
distribution than with steam driving. In every case where electric 
driving has been adopted the cost of winding has been considerably 
reduced, and the larger the generating station from which the supply 
is obtained, the greater is the saving effected. He discusses the 
“Koepe wheel” and says that, for the same plant, a Koepe pulley 
coupled to an electric motor can be of about one-fourth the weight 
of a drum coupled to a steam engine. He believes that the Koepe 
pulley system with direct-coupled electric motor will be the system 
of the future. Some installations of German plants are described.— 
Lond. Eng’ing, February 12. 


Electric Power in Ship Yards and Engine Works.—ANDERSON.—A 
paper read before the Newcastle Section of the (British) Institute 
of Electrical Engineers. He thinks that a combination of the three- 
phase system for power and the direct-current, three-wire system for 
lighting and special power purposes has the greatest advantages. 
For ordinary use he advocates the employment of the squirrel-cage 
induction motor. Since the wiring is not complicated nor expensive, 
squirrel-cage motors should always be used on such machines as 
punches, shears and beam benders, where the starting gear has some- 
times to be placed at a considerable distance from the motor. On the 
other hand, for such machines as winches and cranes the slip-ring 
motor is the only one which will prove satisfactory. Details are 
given on power consumption of three-phase motors driving various 
machines in Newcastle—Lond. Elec. Eng., February 12. 


the Cleveland & Southwestern Trac- 
System—An article on this plant which is the first 
steam turbine installation for electric railway work in_ this 
country. A large portion of the system is provided for by the high- 
tension alternating-current system and eventually the entire road will 
be operated along these lines, but at present direct-current transmis- 
sion is used for a portion of the system. In the main power house 
the direct-current units, aggregating 1,000 kw, occupy twice the space 
that the present turbine equipment requires, although the latter is 
double the capacity, or 2,000 kw. The turbines are of the Westing- 
house-Parsons multiple expansion, parallel-flow type. Each system 
consists of three independent sections, namely, high-pressure cylinder, 
low-pressure cylinder and generator, the construction being explained 
in detail. In addition to the ordinary sub-stations located along the 
line the company has a portable sub-station which has been found 
very convenient in relieving the excessive load at particular points 
where there may be some unusual temporary demand for current.— 
St. R’y Jour., January 30. 


Power Equipment of 
tion 


Electric Power in a Pianoforte Factory.—A description of the elec- 
trical equipment of a large pianoforte factory in London. A special 
advantage in electric driving in such factories lies in the fact that 
the manufacture can be carried on in a uniform direction, no trans- 
porting to and fro of partly finished parts from one tool to the other 
being necessary. Direct current at 230 volts is used, there being al- 
together 19 motors, nearly all totally enclosed (to prevent any danger 
of fire) and ranging in power from % to 26 hp. Some have been 
adopted for directly driving the various machine tools such as saws, 
Others serve to drive short 
A longer illustrated 


polishing lathes, planing machines, etc. 
lengths of shafting—Lond. Elec., February 5. 
description is given in Lond. Elec. Eng., February. 

REFERENCES. 

Curtis Turbine—SAMUELSON.—An abstract of a paper read before 
the Rugby Engineering Society. Several illustrations, giving com- 
parative views of various turbo-generator sets and comparative eleva- 
tions of engine-driven and steam turbine sets, and some diagrams 
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showing the effect of different degrees of vacuum and expansion upon 
the steam consumption are reproduced.—Lond. Elec., February 5. 


Steam Meter—Bayntun.—An illustrated description of a meter 
designed to measure and record the weight or quantity of steam pass- 
ing through a pipe. By its means the rate at which a boiler is raising 
or an engine using steam may be read directly off a scale, and, by the 
addition of a recording drum, continuous record may be kept from 
which the total weight passed in any given time may be ascertained. 
The meter is essentially a volume meter.—Lond. Elec. Rev., Feb- 
ruary 5. 


Boiler Room Practice.—Epwarps.—An article containing valuable 
suggestions regarding the care of boilers and their accessories.—A m. 
Elec., February. 


TRACTION, 


Accumulator, Third-Rail and Three-Phase Traction in Italy.— 
LANINO.—A long account of the results obtained on four Italian rail- 
roads with electric traction. The first road is from Milan to Monza 
(13 km.), with storage batteries on the cars. The motor car, used 
on this road, had a weight of 58 tons, of which 20 tons were the 
weight of the battery (Hensemberger-Planté type) and could develop 
100 hp with an average speed of 35 to 40 km. per hour and an accel- 
eration of 2 to 6 cm. per second at the start, one charge of the battery 
being sufficient for a run of 50 train km. The system was found 
to meet in general the requirements of normal service, but not those 
of rush service on holidays, since there was only a limited number of 
motor cars available. The financial results were good, the cost of 
operation being 16.25 cents per car km. The energy consumption 
was 65 watt-hours per ton km. The maintenance of the plates caused 
an expense of 7 cents per ton km. The cars running on the road 
from Bologna to San Felice had a weight of 15 tons and could for- 
ward 75 passengers; with a battery of 12 tons weight with one charge 
they could run 100 km. and draw a 15-ton trailer on the first half of 
the lire. The average speed was 45 km. per hour on a road with 
grades up to 0.3 per cent. The positive battery plates lasted more 
than 12,000 train km., the negative ones more than 20,000 ton km. 
The cost of maintenance of the battery was 6.08 cents and the total 
cost of operation 11.15 cents per train km. Thus the economical 
and technical re8ults were must better than had been expected. In 
spite of this the operation with storage batteries was completely dis- 
continued, partly by the influence of some railroad officials and partly 
because the service was not “elastic” enough to fulfil the require- 
ments of very heavy service at certain hours. On the Milan-Varese- 
Porto Ceresio road (75 km. of which 60 km. are double-track) the 
third-rail system with 600-volt direct current is in use, the transmis- 
sion of power being 12,000-volt three-phase current. The success 
of this line has been complete, there being no serious accident on 
account of people coming into contact with the third rail. “This fact 
is the more remarkable since the third rail, although properly pro- 
tected from contact, runs through all stations, including a consider- 
able number of tracks in the interior of the hall of the central station 
in Milan.” Attention is called to the fact that in Italian stations 
the tracks are on the same level as the platform and that passengers 
have often to pass over the tracks. In very cold winter and in spite 
of heavy snow falls there was no difficulty with the third rail. The 
loss of current per km. of road was 0.06 to 0.07 ampere in dry air, 
and 0.11 to 0.12 ampere in moist air. The fourth road is the Valtel- 
lina line, on which 20,000-volt, three-phase currents are used for 
transmission to transformer sub-stations, which reduce the voltage 
to 3,000. The motor cars are provided with 3,000-volt, three-phase 
induction motors and tandem connection is used to get a second 
speed. This system has also been very successful. The author re- 
marks that there is no competition between the third-rail, direct-cur- 
rent system and the three-phase system. The service on the third- 
rail road is characterized by many light trains with good acceleration ; 
that on the three-phase road by heavy trains in longer intervals. The 
first is similar to a street railway; in the latter low first cost of in- 
stallation and high efficiency are essential conditions. The author 
believes, however, that the future of electric traction belongs to the 
series motor.—Elek. Zeit., February It. 

Third-Rail Shoe.—A description of the new third-rail shoe on the 
3oston Elevated, which differs radically from any other shoe in use 
on third-rail work. It consists of a soft steel bar, weighing about 
5 kg. This bar, which is the portion used for making the contact 
with the third rail, rests in a hanger at each end and is held down 
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by its own weight and also by a light steel spring, which is con- 
structed to give a downward pressure of about 23 kg., making a total 
pressure between the shoe and rail of 28 kg. without regard to the 
motion of the shoe along the rail. When the car moves, however, 
it tends to bunch the shoe up and compel it to make harder contact 
with the third rail at one end, depending on the direction in which 
the car is moving. The life of the shoe is about 21,600 km. A 
feature of the shoe is that it does not jump at joints.—St. R’y Jour., 
February 6. 


REFERENCES. 


Collector for Single-Phase Cars.—An illustrated description of 
this collector which is manufactured by the Oerlikon Company and 
consists of curved rod having its convex face in contact with the 
power wire. The collector can move through an arc of 180°, so that 
the power wire can be in almost any position. The advantages of 
the apparatus were noticed recently in the Digest (abstract of Her- 
zog’s paper). Two diagrams are given showing the universality of 
the application.—St. R’y Jour., January 30. 


Contact Rail System—Dert Mar.—An illustrated article dealing 
with the practical problems with which a draftsman has to contend 
when preparing to lay out a system of contact rails for railways about 
to be converted from steam to electricity —Am. Elec., February. 

Electrification of a British Railway.—An illustrated article on the 
electrical equipment of the Tynemouth lines of the Northeastern Rail- 
way, a third rail and the Thomson-Houston multiple-unit system 
being used. The power house will contain two 2,000-kw and two 
3,500-kw Parsons turbo-alternators.—Lond. Elec., January 22. 


Conneaut & Erie Interurban System.—A description of this line, 
which is 56 km. in length, and forms the connecting link between 
Buffalo and Toledo and Detroit. Snow falls quite heavily in this 
region and the company has the second largest rotary plow in the 
United States, provided with four axles with four General Electric 
100-hp motors on the trucks and a 200-hp motor to drive the fans. 
The power station contains two 400-kw generators and a booster for 
375 volts and 300 amp. Polyphase transmission is not used.—St. R’y 
Jour., February 6. 


Rating of Stations—Bonp.—A paper on the rating of tramway and 
light railway undertakings. The paper deals mainly with English 
legal conditions.—Lond. Elec., January 20. 


INSTALLATIONS, SYSTEMS AND APPLIANCES. 


British Central Station—A description of the municipal station of 
Chesterfield. The direct-current, three-wire system is used. There 
are two 100-kw and two 200-kw generating sets and a battery of 280 
cells with a rated capacity of 60 amp. for 10 hours and 300 amp. for 
one hour. In the years 1902-3 a total of 208,316 units was sold, the 
works costs being 1.64 cents per unit sold, and the total cost 2.74 
cents. The current is mostly used for lighting, but the demand for 
motors is increasing, an equivalent of 170 hp being at present con- 
nected to the mains.—Lond. Elec. Times, February 4. 

WIRES, WiRING AND CONDUITS. 
REFERENCES. 

Calculating the Capacity of Overhead Lines and Cables.—Licu 
TENSTEIN.—The first part of a mathematical article in which the 
author develops approximate formulas for the capacity of parallel 
overhead wires for direct-current, single-phase current and three- 
phase currents, and for concentric two-phase and three-phase cables. 
The method, used by the author, is a generalization of Kelvin’s prin- 
ciple of electric images. On account of its mathematical character, 
it is impossible to abstract the article briefly —Elek. Zeit., February 11. 

Cable Works.—A fully-illustrated description of the cable works 
of Pirelli & Co., in Milan, which is stated to be the first firm in 
Continental Europe to manufacture submarine cables. The works 
are described under the following headings: Manufacture of washed 
rubber, spread sheet, cut sheet, calendered sheet, preparation of com- 
pound rubber for wires, manufacture of India rubber wires and 
cables, manufacture of dry-core telephone cables and manufacture of 
electric light cables.—Lond. Elec. Rev., February 5. 

Conduit Work.—WeeExks.—An illustrated descriptive article on con- 
duit work. The information is very practical in its nature and many 
valuable hints are given on conduit installation—Am. Elec., February. 
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ELECTRO-PHrsICS AND MAGNETISM. 


volution of Helium from Radium Bromide.—Dewar AND CURIE. 
—An account of observations, quite analogous to those of Ramsay, 
who observed a change of radium into helium. Some radium bromide 
weighing 0.4 gram was left for three months in a glass tube, com- 
municating with a small vacuum tube and a mercury manometer. 
There was a continual slow evolution of gas, but the spectroscope 
showed nothing but hydrogen and mercury vapor. The same speci- 
men was then taken by Dewar to the Royal Institution, where it was 
sealed up in a quartz tube and fused, the gases evolved being drawn 
off and examined with the spectroscope. Nothing appeared to be 
present except nitrogen. After thoroughly clearing off all the gas 
the tube was sealed up under the oxyhydrogen flame and sent back 
to France. About 20 days afterward Deslandres examined the tube 
with an induction coil, connecting it up by means of two pieces of 
tin-foil attached to the ends. He found a spectrum, not of nitrogen, 
but of helium, and that in its entirety, no other lines appearing on 
the plate even after an exposure of three hours with quartz lenses. 
The permanent luminosity of the tube only showed a continuous spec- 
trum.—Comptes Rendus, January 25; abstracted in Lond. Elec., Feb- 
ruary 12. 


Selenium Cells—Prunv.—While according to Bidwell the sensi- 
tiveness of a selenium cell is due to the presence of selenides in 
selenium, the present author concludes from a series of experiments 
that the sensitiveness is due rather to some direct action of light 
upon the selenium itself. It may be that light in falling upon selenium 
changes its crystalline character, and that the new modification of 
selenium is stable only in light, so that it reverts to its original con- 
dition when light is cut off.—Phil. Mag., January. 

REFERENCES. 


Electromagnetic Theory.—KoLaceK.—A mathematical note on the 
ponderomotive forces to which a homogeneous dielectric is subjected 
in a variable electromagnetic field. The author suggests experiments 
which would decide the correctness of either Maxwell’s or Lorentz’s 
theory.—Phys. Zeit., January 15. 

Impedance.—An illustrated didactic article on reactance, impedance, 
angle of lag and phase difference. All of these phenomena are mi- 
nutely explained.—Am. Elec., February. 


ELECTRO-CHEMISTRY AND BATTERIES. 


Electroplating upon Aluminum.—Burcess AND HAMBUCHEN.—The 
principal difficulty in the deposition of a metal coating upon aluminum 
is as regards its adherence, and this is due to the very thin film of 
oxide which is always present on an aluminum surface. The authors 
first clean the aluminum by immersion for a few minutes in a dilute 
hydrofluoric acid bath where it remains long enough to produce a 
suitable roughening of the surface. Upon removing the aluminum 
from this bath it is rinsed in running water and then dipped for a 
few seconds in a mixture of sulphuric acid and nitric acid, both con- 
centrated. It is then transferred to the zinc plating solution, which 
is a slightly acidified mixture of zinc and aluminum sulphate, with 
about 1 per cent. of hydrofluoric acid. Electrolysis is made for about 
10 or I§ minutes with a current density of from 10 to 20 amp. per 
sq. ft. A coating of copper or silver from cyanide solutions may 
then be applied.—Electrochem. Ind., March. 


Electrochemical Equivalent of Silver—Van DiJK AND Kunst.— 
An account of the results of a redetermination of the electrochemical 
equivalent of silver. Former researches of various investigators have 
yielded results varying from 0.011156 (Mascart) to 0.011195 (Pellat 
and Leduc). The present authors used a tangent galvanometer for 
determining the strength of the current. Owing to the high degree 
of accuracy with which the constant of the instrument and the hori- 
zontal intensity of the earth’s magnetic field and its space and time 
variations may be determined, this method is well adapted for a lab- 
oratory which has been built without iron, and in a place where no 
vibrations or stray currents in the earth are to be feared. The authors 
adopted Kohlrausch’s bipolar method. The cathodes consisted of 
platinum, being either cup-shaped or in the form of a cylinder ending 
in a hemisphere. A silver rod served as\an anode. Two voltameters 
were placed in series in order to insure that no irregularities occurred 
in the deposition of the silver. The final mean value obtained from 
24 measurements was 0.0111818, which the authors believe to be ac- 
curate to’ within one part in 10,000. (The above figures are taken 
from the Lond. Elec. If the electrochemical equivalent is given in 


















ELECTRICAL 


MarcH 5, 1904. 





divided by 10. The value adopted by the Chicago Electrical Con- 
gress is 0.001118 gram per coulomb.)—Proc. Akad |Wet., Amsterdam, 
January 21; abstracted Lond. Elec., February 5. 

REFERENCES. 

Action of Light on the Formation. of Accumulators—ToMMASL— 
An article in which he describes some experiments which show that 
the negatives of an accumulator form more rapidly in the light than 
in the dark, and that the positives form more quickly in the dark 
than in the light, other things being equal. The capacity, however, 
is found to be practically unchanged.—Lond. Elec. Rev., February 
12; L’Eclairage Elec., February 13. 


Resistance Furnace.—HeEraAEvus.—An article in which the author, 
in form of a reply to Guntz, gives some details of his resistance fur- 
naces for laboratory work, in which around the heating tube very 


thin platinum foil is wound.—Jour. Chim. Phys., January. 


Electrolytic Analysis—Pawetcx.—An illustrated description of 
some improvements in electrolytic analysis, dealing especially with the 
use of revolving electrodes.—Elektrochem. Zeit., February. 





Progress in Electrochemistry—KersHaw.—A summary of the 
progress in electrochemistry and electrometallurgy in 1903, giving 
briefly the developments in the different industries——Lond. Elec. 
Rev., February 5, 12. 


UNITS, MEASUREMENTS AND INSTRUMENTS. 


Names of Units —TetcHMULLER.—A long communication in which 
the writer discusses the advisability of new names of units, proposed 
at the suggestion of Dr. Kennelly by the American Institute of Elec- 
trical Engineers to the next International Electrical Congress. In 
discussing new names, the question is not whether they are really 
needed in practice or in commerce, since they may be applied later 
extensively, even if they appear superfluous at present. He says that 
many considered the name mho horrible when first proposed, but did 
not oppose it, since they thought the name would not be used; at 
present the name mho has become so familiar that opposition would 
now be fruitless. Concerning the new proposals of the American 
Institute he thinks that the names do not sound well, and that the 
lack of harmony, which has been brought into the system by the 
names of gauss and maxwell, will become worse in future. For, 
later on, all names of the absolute units may have the prefix ab, but 
not gauss and maxwell, nor gilbert and oersted. In agreement with 
Hospitalier, he, therefore, suggests to adopt the following names for 
absolute units: e.m.f., centimicrovolt; resistance, millimicrohm; cur 
rent, decaampere; electric quantity, decacoulomb; capacity, kilomeg 
afarad: coefficient of self-induction, millimicrohenry; power, decimi- 
crowatt; energy, decimicrojoule. While these names are rather long, 
he thinks they are not worse than many names of organic chemistry. 
He thinks the American Institute is fully justified in wishing names 
to be adopted for the linear integral of magnetic force and for reluct 
ance. He thinks it is unfair that five English names should be used 
for units against two each of German and French and one each of 
American, Italian and Danish scientists. He urges to adopt the name 
of weber instead of gilbert—Elek. Zeit., February 4. 


Ammeters with Adjustable Sensitiveness —FEUSSNER.—A long illus- 
trated description of an ammeter which consists of a millivoltmeter 
with shunt. The millivoltmeter has, besides the ordinary two bind- 
ing posts, a third one by means of which a small part of the series 
resistance may be disconnected. The shunt is designed so as to have 
seven steps. By means of a switch with revolving handle, the instru- 
ment may be adjusted so as to give readings according to these seven 
steps. The lowest sensitiveness corresponds to 1 scale division equal 
to 1 amp., the highest sensitiveness to 1 scale division equal to 0.01 
amp. The switch is operated without any sparking, so that when one 
takes a reading one may pass from one sensitiveness to another one 
without interrupting the current or changing any wires. The con- 
struction is described in detail—Elek. Zeit., February 11. 


REFERENCE. 

Insulation Testing Set—A brief illustrated description of a very 
compact insulation testing set made by a British company. It is in- 
tended for carrying out insulation tests on the direct-deflection 
method and consists of a sensitive moving-magnet galvanometer, a 
resistance of 10,000 ohms and a set of 1/10, 1/100 and 1/1000 gal- 


vanometer shunts.—Lond. Elec., January 22. 
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TELEGRAPHY, TELEPHONY AND SIGNALS. 


Telephone Cable Department Accessories —Coar.—An illustrated 
article describing a number of articles used in a telephone cable de- 
partment. A drip pan is shown, which eliminates many of the diffi- 
culties attending the boiling-out process. In most boards for making 
cable forms an arrangement of pegs or nails is used to terminate the 
different wires. A board which has some advantages over this method 
is illustrated. Instead of using pegs, holes are bored through the 
board, which enable the form to be laced more readily and also per- 
mit the insulation to be pealed from the wires without altering the 
shape of the form. A box for holding tags, preparatory to marking 
the different wires of a cable, which presents some advantages over 
the old methods of stringing the tags together or hanging them on 
hooks fixed in a marked board, is also described. A cableman’s 
telephone circuit is shown, and a method for testing out conductors 
in a cable, which is applicable to both live and dead lines, is described. 

Am. Elec., February. 


Trunk Exchange.—A fully illustrated description of the new trunk 
exchange of the post-office telephone service, which provides for tele- 
phonic communication between London and provincial and conti- 
nental towns. There are positions for 42 trunk operators. Each 
switch section is divided into three panels, controlled by two oper- 
ators. Five trunk circuits terminate on each of the outer panels, 
which also carry the multiples of the junction circuits serving the 
minor local exchanges. The junction circuits of the principal local 
exchanges are multiplied on the middle panel of each section, where 
they are accessible to either operator. Transfer circuits for inter- 
connecting trunk circuits are provided on each of the trunk panels, as 
well as foreign, reserve and the usual official circuits. Apparatus 
is also provided for terminating a number of local subscribers’ cir- 
cuits which are used only for extensions to the trunk system.—Lond. 
Elec. Rev., February 5, 12. : 


Railway Signals.—An article on the Hall electrode-gas signalling 
system, which will soon be introduced on a section of 11 miles of the 
North Eastern Railway Company, of England. While in European 
practice the semaphore signal was heretofore worked by an electric 
motor, carbonic acid gas has now been adopted as motive power. 
The gas is admitted into cylinders containing pistons attached to 
the upright rods. The valves controlling the admission of the gas 
into the cylinders are opened and closed by the armature of an elec- 
tromagnet, which is energized in the usual way by a local circuit con- 
trolled by the relay of the track circuit—Lond. Elec. Rev., January 22. 


Railway Telephones.—An illustrated description of telephones for 
railway use. Two types are shown, one being an iron box telephone 
to be attached to the poles along the line and the other being a port- 
able car telephone encased in a wooden box with a leather strap for 
carrying. This instrument is fitted with a long cord, at the end of 
which is attached a plug for insertion in jack boxes. These jack 
boxes may be installed on poles along the line and communication 
had with the central office by plugging in at these points. The cord 
is long enough to allow the motorman to leave the instrument in the 
car.—St. R’y Jour., February 6. 


Tramway Signal System—A description of an electromagnetic 
signal system using two solenoids for operating the semaphores. 
When the car enters a block it makes contact with a plate on the 
trolley wire. This contact closes a circuit operating the main sole- 
noid. The energized solenoid pulls up the semaphore, which is then 
held in place by a catch. When the car reaches the end of the block, 
contact is again made through a second plate and current flows to 
energize the second solenoid. The latter pulls back the catch, thus 
causing the semaphore to fall back to safety position —St. R’y Jour., 
February 6. 


MISCELLANEOUS. 
REFERENCES. 


Manufacturing Plant.—A fully-illustrated description of shop No 
3 of the Bullock Electric Manufacturing Company.—Mach’y, Feb- 
ruary. 

Obituary.—An account, with portrait, of the life and work of W. G. 
McMillan, the late secretary of the (British) Institution of Electrical 


Engineers.—Lond. Elec. Rev., February 3 
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New Books. 





MESSUNGEN AN ELEKTRISCHEN MASCHINEN. By Rudolf Krause. 
Berlin: Julius Springer. 158 pages, 166 ill. Price, 5 marks. 

This is a capital little book on engineering measurements and tests 
of dynamo machines from an electrotechnical standpoint. Polyphase 
dynamos receive especially full treatment. 

The first chapter is devoted to measuring instruments generally. 
Their elementary mathematical theory is well outlined from the 
engineer's viewpoint. The theory of the modern hot-wire voltmeter 
and ammeter is given here for the first time so far as has come to 
our notice. 

The second chapter considers the electric power measurements of 
alternating-current generators. The third chapter deals with tem- 
perature changes of resistance and their measurement. The fourth 
chapter deals with measurements of frequency and the fifth with the 
measurement of insulation and conductor resistances. Magnetic 
measurements are followed in the sixth chapter and in the seventh 
tests for efficiency and regulation are considered, also tests for tem- 
perature elevation and torque. The eighth chapter relates to the 
measurement of losses in machines by tests on open circuit. The 
ninth chapter deals with the measurement of the wave form of voltage 
and current in alternators. A brief final chapter considers standard 
tests of machines and their formal tabulation. 

The book is an excellent compendium of polyphase tests according 
to German practice. It does not contain many of the methods that 
are adopted in other countries. It will be found of much value to 
students of electric machine testing. 





New York: D. 


By Charles Henry Sewall. 
Price, $2 


WIRELESS TELEGRAPHY. 
229 pages, 85 illustrations. 


Van Nostrand Company. 


net. 
Mr. Sewall puts forward his admirable book very modestly. It is 


intended for the general public as well as for the technical student. 
There is growing up a specialized literature on wireless telegraphy, 
so that the expert has to, and in fact prefers to, restrict his range 
of study; but there are many points and much data in this volume 
that render it an exceedingly useful book to have handy in an elec- 
trical library. Not the least interesting part of this nature is the 
chapter devoted to Mr. Tesla’s work. It is the first connected story 
of the kind on any work of Tesla’s, since the book by Martin, issued 
away back in 1894, before Mr. Tesla had begun to carry out even 
experimentally the theories and ideas with which he had even then 
been so daringly profuse as to wireless transmission, not only of in- 
telligence but of actual energy. It may be a close guess that the 
author had Mr. Tesla’s help on this fascinating chapter, which some- 
how seems to leave the reader “in the air,” but is full of deep sug- 
gestiveness and is generously illustrated. 

Mr. Sewall is certainly liberal and eclectic in his methods, for 
while he thus takes us up into the ambient wireless air with Tesla, 
he also plunges us into the depths of the sea with Pupin’s coils, as 
applied to ocean cables. At first the propriety of the juxtaposition 
is hardly realized, but after all in a comparison of rival methods the 
matter has its place in such a book, and many will welcome it. They 
will also welcome many other quite unexpected little plums, not for- 
getting the portraits of several leaders in the wireless field. Mr. 
Sewall has been fair, industrious and broad-minded, and we hope 
his reward will be reaped. The publishers may be congratulated on 
the handsome shape in which the book is put forth. 





Maver’s WIRELESS TELEGRAPHY. By Wm. Maver, Jr. New York: 
Maver Publishing Company. 216 pages, 123 illustrations. Price, 
$2.00. 

The fact that this book is written by one of the foremost teleg- 
raphers of America, whose encyclopedic work on American teleg- 
raphy is already a standard, will suffice to insure for it a warm wel- 
come. But Mr. Maver has not merely traded on his reputation and 
thrown together a haphazard catch-penny volume, to meet the sensa- 
tional demand of the hour. With his usual thoroughness and clean- 
cut style, he has taken up the subject in a highly practical manner, 
soberly and seriously, giving space, it is true, to theory, but going 
straight for practice. It is here that Mr. Maver excels. He can him- 
self theorize as well as do justice to the philosophies of others, but 
he is at his best when discussing and dissecting circuits and ap- 
In fact, much encouragement is to be derived from the 


paratus. 
We realize of a sudden that, beset as it 


issuance of such a book. 


may be by a dense mass of ill-digested theory and of loose state- 
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ments that explain nothing, a new art is upon us and is being legiti- 
mately practiced. 

Chiefly to be commended in addition to the lucid descriptions are 
the excellent diagrams and drawings. We have an idea that Mr. 
Maver likes to work a thing out thus on paper for his own guidance 
and comprehension; and he succeeds just as well with wireless con- 
ditions as he has done in the past with metallic circuits and the ap- 
paratus on which he spent his own life as a telegrapher. Another 
point is that all the various plans, schemes, inventions and apparatus 
now struggling for supremacy are set forth in a strong, dry, white 
light, with full impartiality. The index is most complete and praise- 
worthy, and we like also the business-like closing chapter of prac- 
tical suggestions on wireless signalling. We would recommend 
every telegrapher to read this book, but it will find a large public 
also outside the telegraphic ranks. 





Leipsic and 


ELEMENTE DER ELEKTROTECHNIK. By Moriz Kohn. 
Price, 


Vienna: Franz Deuticke. 108 pages, 121 illustrations. 
2.50 marks unbound. 

This little book contains a series of ten lectures given before a 
mining association at Pilsen. The conditions under which the 
course was held prohibited mathematical treatment and required 
all. the subjects to be selected and presented with reference to prac- 
tical electrical work. Ordinarily, these requirements would have 
rendered the work of an author so commonplace and colorless that 
there would have been no reasonable motive for publication except 
for circulation among that class of workmen for whom they were 
designed and delivered. 

The present book, however, has a real interest for the reader. 
Its author is a professor in one of the excellent national industrial 
schools, which are now such a prominent factor in German educa- 
tion. He has come to his task of simplification with a firm grasp on 
exact technical knowledge; and, moreover, he has accommodated 
his subject to a class for whom he must select only the vital elements 
of technology, and bring them within the comprehension of those 
unskilled in mathematics. This will indicate the scope of the book 
and suggest its usefulness. 

The lectures as a whole are admirable in the selection of subjects 
and topics, and the treatment is clear and concise. The matter of 
the book would have gained had it been less descriptive, and been 
emphasized by more frequent numerical examples. The illustrations 
are wholly diagrammatic, and they are exceptionally clear and well 
conceived. One illustration, in particular, is novel and more clever 
than the usual cumbersome mechanical analogue. The displacement 
of phase between two functions is illustrated by a device of two 
pistons in tandem with a spring connection between them. The 
frictional resistance of the head piston of the diagrammatic tandem 
engine perfectly represents the lag of the current in an alternating 
circuit. A surprising statement is made regarding the efficiency of 
large direct-current dynamos, where the value is given between 70 
and 90 per cent. 

The subjects discussed are the direct and alternating-current 
dynamo, the transformer, rotary converter and the accumulator. To 
those readers who are familiar with that excellent class of German 
works of which Keck’s “Graphische Statik” may be instanced as a 
representative, this book by Kohn needs no further commendation 
than to include it in the number. 


Radium in Cancer Treatment. 





By advices from London it appears that both Dr. G. H. Plimmer, 
who has returned from a study of radium cures under the care of 
Prof. Etner, in Vienna, and Dr. Snow, of the Brompton Cancer Hos- 
pital, are very sceptical as to its results, the latter characterizing 
cancer as remaining “the darkest Africa on the map of medicine.” 

Dr. Snow, who has had vast experience in the treatment of cancer, 
in what probably is the last address he will deliver at Brompton 
Cancer Hospital, the other day pointed out that cancer is not one, 
but is constituted of many diseases. He said that the radium treat- 
ment had proved exceedingly disappointing and, in fact, it might 
now be dismissed from the sphere of potential cancer cures. At 
Brompton Hospital, he added, they had studied cancer as it had 
been studied nowhere else in the world. They had sought to in- 
vestigate it from every conceivable point of view. They had labored 
by every means in their power to substitute for the mass of chaotic 
confusion and the traditional fallacy which had hitherto prevailed 
a genuine cancer science as a sure foundation for all future research; 
but in this attempt they had utterly and. miserably failed. 
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Unique Fire Alarm Switchboard on Staten Island, N. Y. 





An improvement in telegraph switchboard construction has lately 
made its appearance in the shape of a new board built for the 
fire alarm system of the New York fire department, Borough of 
Richmond, New Brighton, Staten Island. The board is constructed 
of non-combustible material and embodies all the latest and most 
desirable points to insure prompt results and absolutely sure and 
reliable working. 

The new board is so constructed that the only part liable to com- 
bustion is the insulation on the wire, of which there is very little 
in evidence, omitting the magnet wire on the relays and the rubber 
knobs on the keys. The entire board is built of a frame of heavy 
steel tube. The method of construction is that each section of 
tubing is threaded right and left hand and is screwed into the fittings 
in such a manner that it may be at any time dismantled and moved 
to another location should it be desired. All panels and counters 
are of slate 114 in. in thickness. The switchboard is arranged for 
the accommodation of 14 box circuits and 8 gong circuits. All the 
apparatus applicable to each circuit is mounted upon a separate 
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sible to hold conversation over these telephones during signalling 
transmission from a box. 

One of the principal features in connection with the board are the 
test panels for each circuit to be seen on the right of the switch- 
board. Each circuit has one test panel upon which is mounted an 
ammeter, transfer battery switch, pole changer and bridge. The am- 
meter denotes at all times the strength and direction of the current 
on the wire. The pole changer enables the operator, by the simple 
moving of a key to throw on a battery in case the main battery be- 
comes inoperative. The bridge is arranged so that the operator by 
the movement of plugs similar to those in use in a Wheatstone 
bridge can change the polarity of the current and make any tests 
promptly. In addition to these test panels a novelty has been in- 
troduced on one of the lower panels, which is certainly a time- 
saving device so far as testing for cross lines is concerned. Here- 
tofore it has been the practice to move a plug or a switch individ- 
ually on each circuit, for the purpose of testing for crosses, thereby 
consuming a considerable amount of time; and in large stations where 
the business is somewhat heavy, the pursuing of such method has 
made it possible to lose an alarm. This is overcome in the New 
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FirE ALARM SWITCHBOARD AT NEW BrIGHTON, STATEN ISLAND. 


panel. These panels are removable without disturbing the other parts 
of the board. This in itself is a step in the right direction for one 
reason that in case of trouble arising in the operation of a fire alarm 
system it is of the utmost importance to be able to repair it in the 
shortest possible time. 

The system adopted in the New Brighton board for announcing 
the circuits is simple and is as follows: Connected in each circuit 
panel is an annunciator consisting of a bull’s eye of ground glass 
on which the number of the circuit is painted. To the rear of this 
is a 4-cp incandescent lamp, which lights up in case of the circuit 
opening, thereby visibly throwing up the number of the circuit. 

Another novel feature is the arrangement of the relays. All 
relays are made on the same general principle and are non-combus- 
tible. They are mounted on the back of the panels, the working 
points of the armatures protruding through to the front. All cir- 
cuits are provided with jacks similar to those employed in the tele- 
phone systems, so that by the introduction of a plug it is possible 
for the telephone operator to connect any of the circuits, thereby 
enabling him to hold conversation with men on the line who may 
go to any box on the circuit and call up the central office. It is pos- 


Brighton board by each circuit being connected to a dead spring 
point. These points are arranged in a circle and are covered by a 
plate which is capable of being pushed into contact with all the points 
except one, a knotch or section sufficiently large to miss making 
contact being left in the plate, thereby enabling the operator, by 
the simple operation of pushing the plate to make the necessary test 
in a few seconds instead of one or two minutes. 

Another unique departure embodied in the new system is the 
multiple pen register for the reception of all signals transmitted. 
This register is so constructed that all springs, adjustments, pens 
and ink rolls are independent and easily reached by the insertion of 
the hand in front of the register. Each pen has an independent ink 
roll. With a solid ink roll the whole affair has to be taken apart 
should one pen get out of order. 

Yet another new feature of the Staten Island system is that all the 
wiring and connections are in full view of the operators. Provision 
has also been made so that during the transmission from a fire alarm 
box it is at the option of the operator, by the movement of a switch, 
to throw in repeating apparatus that will transmit automatically 
gram per coluomb all the above figures for the equivalent are to be 
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direct from the box to the gong or fire house circuits. This is not 
as a rule depended upon, but is used only in exceptional cases, for 
the reason that should an error occur it will be transmitted, and the 
principle of all manual central stations is that mistakes of this kind 
cannot take place. 

The switchboard was designed by Mr. Henry E. Vineing, the elec- 
trical engineer of the New York fire department. It was built by 
Foote, Pierson & Co., 82-84 Fulton Street, New York City. 
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English Form of Continuous Current Prepayment 
Meter. 


The success of the prepayment gas meter has been generally ac- 
cepted as indicating that a large sphere of usefulness exists for 
prepayment electrical meters. The prepayment meter possesses sev- 
eral advantages, among which may be mentioned the avoidance of 
the perpetual trouble of writing for accounts to be settled, and the 
reduction of bad debts to a minimum. To the user it offers a great 
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inducement in so far that small payments extending over a protracted 
period can be made. The British Thomson-Houston Co. has 
achieved success in the development of a prepayment meter which it 
is now prepared to offer, for use on continuous current circuits. 

This meter consists essentially of two parts—the electrical meter 
proper, and the mechanical prepayment mechanism, a general idea 
of which can be obtained from Figs. 1 and 2. 

Both the meter and prepayment mechanism are contained within 
a strong cast aluminum dust-proof case, which is of neat appearance, 
and occupies a space of only 83% x 10% x 5 inches deep. It is so 
constructed that by the removal of the cover, which is held in place 
by four sealing screws, easy access to all parts of the meter and 
mechanism is obtained. A window is fitted to the cover, through 
which both the meter dial and coin indicator are visible. The meter 
dial registers the total number of units consumed and can be used 
as a check on the coins deposited, while the coin indicator shows the 
number of coins still to the credit of the consumer. The terminal 
box is situated at the bottom of the meter, and has a separate cover, 
held in place by a small cap covering the commutator, brush gear, 
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and jewel screw, the arrangement being such that they can be sealed 
independently from the other parts of the meter. A till capable of 
containing 120 coins—pennies in England—is provided to hold the 
money deposited in the meter, which may be removed by opening the 
door at the bottom of the meter. This door can be secured either by 
a seal or padlock as desired. 

The switch is of the single-pole, quick-break, knife-blade type. 
It is designed to open circuits carrying current up to the amount of 
the maximum overload allowable for the largest meter to which the 
device is used. The closing and retaining mechanism of the switch 
is positive in its action and both strong and simple in construction. 

To operate the meter, a coin of the correct denomination is put 
into the slot provided, and the handle at the left hand side of the 
meter turned to its full up position, and then returned to its down 
This movement closes the switch and moves the coin indi- 
cator hand one division. Successive coins to the number of ten may 
be put into the meter at one time. At each insertion the indicator 
moves forward one division, and as the consumer uses the 


position. 


hand 





—CONTINUOUS-CURRENT PREPAYMENT METER. 


current, this hand will gradually travel back to zero, on reaching 
which the switch opens automatically. Additional coins can be in- 
serted at any time previous to the consumption of the last coin, and 
so long as the indicator shows there is a coin or fraction of a coin 
to the credit of the customer the switch will not be opened. Hence 
by always inserting a coin before the indicator reaches zero, the light 
will never be switched off. 

A prepayment meter must be constructed in such a way as to 
render cheating impossible, as should it be possible to tamper with 
the instrument in any way it is evident that it would be worse than 
useless. In view of this fact, the B.T.H. prepayment meter is made 
proof against any attempt to obtain current by unfair means. 

These prepayment meters are manufactured in 2, 3 and 5 ampere 
sizes for any required voltage, and may be operated with one penny, 
sixpenny or one shilling coins as desired. The rate of payment 
chosen can be easily changed at any later date without having to 
Special care has been taken to use only the 
This enables the meters to be sub- 


recalibrate the meter. 
best insulating material possible. 
jected to an insulation test of 1,000 volts alternating. 
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Open Arc Lamps in England. An Automatic Mailing Machine. 


To take stacks of newspapers, magazines, catalogues or periodicals 


Open arc lamps still appear to enjoy a vogue abroad, and new ones 
as they come from the printing press, and to fold, wrap, seal and 


are still introduced there. The British Thomson-Houston Co., Ltd., 
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Figs. I, 2, 3, 4 AND 5.—ENGLISH OpeN Arc LAMPps. 
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address them individually is the office of the Agnew auto-mailing 


has designed, and is now manufacturing at its Rugby Works, a I0- 
machine illustrated herewith. All this is accomplished at the rate 


amp., open arc, continuous-current focusing lamp. The brake wheel 
and feeding mechanism are of novel design. The wheel is made on 
the toggle principle and is very positive in its action, while friction 
losses are kept at a very low figure. The casing, made of solid cop- 
per, with a black oxidized finish, is constructed in two parts which 
slide over one another. It is supported at the top on bayonet 
catches, and by removing one thumb screw the upper portion can be 
lowered, exposing the entire mechanism for inspection or minor 
repairs. For trimming, the lower portion is raised, and the lamp 
can be trimmed by lowering the globe only 9 inches. 

When operating two or more lamps in series, it is necessary to 
have some means of adjustment in order to keep them burning with 
equal are voltage. In the B.T.H. lamp this adjustment is made by 
shunting the series magnets with a high-resistance adjustable coil. 
The adjustment can be made without turning off the lamp, and much 
closer regulation can be secured than with a mechanical adjustment. 

All parts of the lamp are made by machinery and are entirely inter- 
changeable. No fitting is done when the lamp is assembled, and 
parts are designed to work together, without being so accurately 
fitted that their operation would be affected by the dust and dirt 
which always work into the parts of an arc lamp. 

The lamp is so insulated that, when the casing is on, no external 
part is in connection with the circuit. All the interior insulation is 
of mica or lava, and the insulation of each lamp is tested at 1,500 
volts alternating current applied for 30 seconds. The lamp has a 
self-contained automatic cutout, and is supplied with or without sub- 
stitutional resistance as required. External line resistances are used 
depending upon the line voltage and the number of lamps in series. 
These line resistances can be supplied for mounting either on a wall 
or inside of the pole base, and can be made weatherproof when . e . 
required. The lamp, plain, without substitutional resistance, and RR TT ee te 
with globe in place, measures 51 inches in length, and weighs with 
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of from three to five thousand an hour, obviously several times 


globe and casing 5314 pounds faster than it could be done by hand. In fact, it is claimed that one 
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machine will replace twelve persons, and accomplish the work with 
greater neatness and less liability to errors, and with less skilled 
attendance, one man being all that is required. 

The operator standing on the side of the machine shown in Fig. 1 
works in front of the elevator or conveyor, refilling the shelves as 
fast as they are emptied, with bunches of the papers or magazines 
just as they are taken from the press. The construction of the 
elevator is clearly shown in the cut. It consists of two sets of moving 
shelves carried, perpendicularly to their direction of travel, by end- 
less chains and arranged to run at the same speed, but in opposite 
rotation, so that contiguous shelves register with one another. Its 
action is intermittent, and under electrical control, which maintains 
the top of the pile at a fixed height. At each cycle of the machine 
little pneumatic suckers come down on the uppermost paper and, 
with a combined lifting and pulling movement, start it far enough 
into the machine to be taken along by a horizontal belt conveyor. 
Simultaneously at the opposite side of the machine wrapping paper 
drawn from a continuous roll is introduced under the periodical and 
cut off the required length. 

When the paper and its wrapper have reached a definite position 





FIG, 2.—MAILING MACHINE. 


a vertical blade descends, creasing them through the middle and car- 
rying them down between a set of steel rolls. The vertical blade then 
returns to its upper position and a horizontal blade folds them 
again and carries them to a basket or receiver. The wrapper is not 
entirely under the paper when folded with it, consequently only 
part of it goes into the inside with the operation of folding. It is 
sufficient, however, to prevent the wrapper from sliding off the 
paper later on, and the extra amount projecting on the outside forms 
the flap. This is gummed by a roller covered with a solution of 
dextrine, and is: pressed down by another roller as the package passes 
out of the machine. On the shelf at the side of the machine just 
before being discharged it pauses long enough to receive an impres- 
sion through a stencil, giving it its individual address. 

The perforated stencils for the addressing are arranged to replace 
one another successively at each cycle of operations. These may be 
previously assorted by towns or States, thus eliminating the necessity 
of distributing the mail afterward. For instance, all of a certain 
group may be run through at a time and discharged into one mail 
bag, another being in readiness to be moved up to receive those 
belonging to the next group and so on. 

One motor mounted against the side of the machine at the rear, 
as shown in Fig. 2, provides the power with one reduction through 
a spur gear and pinion. It is noticeably out of the way and fortu- 
nately located where it is protected by the fly-wheel. The motor is 
of the Crocker-Wheeler make, of a semi-enclosed type, and of 1-hp 
size, which shows that the cost of running is not very great. 

The machine is positively driven at all points by chains or gear 
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connections, so that there is no chance for slipping and causing a 
loss of co-operation between the different parts. Furthermore, there 
is an electrical device to open the motor circuit automatically and 
stop the machine if any interruption in the regular operation occurs, 
such for example as when a paper fails to feed, or a wrapper is not 
in place, or when the stack of stencils is exhausted. 

The entire machine occupies a floor space of about 4 x 5 ft., has an 
overall height of 76 in. and weighs about 2,000 pounds when equipped 
with a Crocker-Wheeler motor, as shown. 





Latest Types of ‘‘C & C’”’ Dynamos and Motors. 





After over two years spent in preliminary work, the C & C Elec- 
tric Co., of New York, with works at Garwood, N. J., is placing on 
the market its new line of “type ‘S’” direct-current dynamos and 
motors. The C & C Co.; as most of our readers doubtless know, is 
a pioneer manufacturer of direct-current motors, its experience 





FIG. I.—OPEN TYPE FLOOR PATTERN. 


covering a period of over 16 years, during which time it has been 
exclusively engaged in the manufacture of dynamos and motors for 
industrial purposes. Its aim in designing the type “S” machine has 
been to produce a motor or a dynamo of artistic and attractive de- 
sign, pleasing appearance, minimum weight, compact and symmetri- 
cal, and adaptable to almost any class of service. It also aimed at 
a machine which would be of the highest efficiency, and would with- 
stand unusually heavy overloads without sparking, and with a much 
lower temperature rise than has heretofore been the case. The appa- 
ratus is built in all the standard sizes from 2 to 30 hp inclusive, for 





FIG. 2. ENCLOSED TYPE FLOOR PATTERN. 


slow and moderate speed, and expects before long to have ready an 
entire line from 34 to 75 hp inclusive. 

The machines are made in the open, semi-enclosed and entirely 
enclosed types. The open-type, floor-pattern machine is illustrated 
in Fig. 1; the enclosed-type, floor-pattern machine in Fig. 2. Both 
these illustrations give a good idea of the symmetrical and pleasing 
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appearance of the machine. The machines are furnished in the floor, 
ceiling or wall (see Fig. 3) horizontal patterns and in the vertical 
pattern. The motors are well adapted for mounting upon machine 
tools or machines of almost any description, for direct connection or 
chain drive. The machines are all of the four-pole type. The mag- 
net frames are of soft homogeneous cast-steel, as are the brackets 
or feet, and the pole-pieces, which are cast as part of the magnet 
frame. The pole-tips or shoes are of the same material, and secured 





FIG. 3.—VERTICAL PATTERN. 


to the pole-pieces by means of external bolts. The bearing-brackets 
are of cast-iron and carry self-oiling and self-aligning bearings of 
generous dimensions. A frame-ring is cast as part of each of the 
brackets, and this ring carries lugs between which the cast-iron 
brush-ring is supported. The brush-holders are of the well-known 
“C & C” “reaction” type and are secured to brass pins carried by the 
insulated brush-rings. This form of support of the brush rigging 
assures absolute stability and non-vibration of the brushes. The 
field coils are wound on metal bobbins of novel construction and are 





FIG. 4.—COMPONENT PARTS OF MACHINE. 


readily removable. The armature is of the hollow drum type. The 
insulated laminze forming the core have three openings punched 
therein around the shaft hole for ventilating purposes, and a spacing 
spider is placed in the centre of the core for the purpose of forming 
air ducts connecting with the three channels adjacent to the shaft. 
Form-wound coils are laid in the armature slots and are retained 
therein by means of hard wood wedges driven between notches in 
the teeth of the armature core; consequently no band wires are used 
for retaining the coils in position. The commutator is of unusually 
large diameter and face, and is composed of hard drawn copper bars 
insulated with mica, assembled in a heavy cast-iron shell, mounted 
on the armature spider. 

The C & C Company states that after a continuous run of 24 hours 
at full load, no part of the machine will show a temperature rise of 
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over 30° C. by thermometer. It also makes other unusual guaran- 
tees. This unusually low temperature increase is accounted for by 
the novel construction of the armature. The armature laminz spac- 
ers, back-plate and end-plate, as well as the commutator itself, are 
so designed that their several parts radiating from the shaft act as 
the vanes of a fan, and when the armature is in motion a powerful 
draught is created. The cool air is taken in through the commutator 
shell, and part of it is forced through the ventilating ducts of the 
armature up against the pole-pieces and fields; the remainder through 
the back of the armature; thus cooling the whole machine. The 
construction of the armature, as well as all the component parts of 
the “type ‘S’” machine, are well shown in Fig. 4. 





*““Core’’ Transformers. 


A new line of transformers has recently been manufactured and 
put upon the market by Messrs. Hornberger and Irwin, who have 
been identified with the development of alternating-current apparatus 
from the outset, and who have organized the Crawfordsville Electric 
Company, of Crawfordsville, Ind., for the purpose of producing ap 
paratus of a standard character in this field of work. Based upon 
their familiarity with the subject and their experience, they have 
selected the core type of transformer for manufacture in preference 
to the shell type, and while, admitting that in core type transformers, 
as ordinarily known, sundry disadvantages appear, they claim that they 
have overcome the points of objection as to length of core and ex- 
cessive temperature. In all but the smaller sizes they employ multi- 
coil construction. 

The Crawfordsville Electric Company, as just intimated, builds 
transformers in the smaller and intermediate sizes, such as are gen- 
erally used by central stations, but it also builds those of the larger 
size and heaviest duty, and hence has found it advisable to provide 
a separate case design for each of the different classes. Their design 
for sizes up to 15 kw consists of a simple cast-iron case arranged for 
the use of oil and equipped with steel hangers in the usual manner. 
For convenience in hanging the smaller sizes they use the well-known 
suspension hook devised by one of the members of the company. 
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FIG. I.—‘“CORE” TRANSFORMER 


The cable terminals are brought out from the case through heavy 
porcelain bushings securely cemented in place with a compound 
which prevents effectually the entrance of rain or moisture. All 
cable connections are made permanently and no connecting block 
is used inside the case. 

For sizes from 20 kw up to 100 kw, inclusive, the case is made with 
a cast-iron base and cover and with a body of substantial sheet 
steel. While the sheet-steel case is superior to a cast case and is 
more expensive to build, the weight is greatly reduced. As a com 
parison, it may be mentioned that the 50-kw Crawfordsville case 
complete weighs only 350 pounds, whereas the cast-iron case of a 
well-known type of the same size weighs over 800 pounds. 

For sizes larger than 100 kw the case design is made for founda- 
tion support only, on account of the heavy weight, and is so arranged 
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that it can be adjusted to either oil, air-blast or water circulation. 
Tne construction is massive, in keeping with the heavy duty for 
which it has been designed, such as street railway work or long- 
distance high-voltage performance. The transformers of this mag- 
nitude are designed for any frequency from 25 upwards, for any 
voltage, and for single or polyphase circuits. In sizes of this type 





FIG. 2 MULTI-COIL TRANSFORMER. 


the multi-coil construction is used, the complete transformer being 
made up of many coils, each having the required number of ratio 
turns within itself, and all coils being then joined in multiple to the 
terminals; so that a possible disablement of one coil does not mean 
that the entire transformer must be replaced or the terminal voltage 
lowered. 

In these “H. I.” transformers, as they are known, the cross-section 
of copper allowed is liberal, and the copper used is electrolytic. 





RIG. 3 TRANS {MER COMPLETE, 


Owing to the multi-coil construction used, cross connection ot 

is unnecessary in order to maintain the equal voltage on each side 
of the neutral wire for three-wire distribution. Ample allowance 
of copper has also been provided for the increased amount of cu 
rent required in the operation of inductive apparatus of low powet 


factor. Special attention has been given also to questions of insula- 
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tion, and mica insulation is used throughout in the construction of 





add to the possible uses of the wireless clusters 
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the coils, reducing to a minimum the liability or tendency to break 
down. An improved porcelain fuse box is furnished with broad elec- 
trical contacts and liberal copper parts, as well as a long fuse which 
will break the circuit in every case without injury, ample vent being 
provided for the escape of gases. The use of oil is recommended, 
especially in the larger sizes, but the company’s guarantee requires 
that the oil used in the transformers shall be furnished by the com- 
pany itself. All transformers are tested before shipment under a 
break-down voltage of 10,000 volts between primary and secondary 
windings and between the windings and the core. With the multi-coil 
core type construction and the low densities secured, together with 
the special steel employed, “ageing” is regarded as impossible, when 
the apparatus is operated in accordance with its design and purpose ; 
but the company stands ready to replace any transformer showing 
an appreciable increase of core losses. 


en an 


Englarging the Field for Unwired Clusters. 


The “wireless” clusters made by the Benjamin Electric Manu- 
facturing Company of Chicago are becoming such a staple electrical 
article that it will be of general interest to state that the company 
has recently brought out a shade holder which makes it possible to 





FIG. I.—CLUSTER WITH INDIVIDUAL SHADES. 


place an individual shade on each lamp in a cluster, as shown in 
Fig. 1. This shade holder fits under the lamp receptacle bushing 
of any Benjamin wireless cluster. A fixture with a cluster of shaded 
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lamps of this kind is pleasing in its ‘simplicity and will materially 


In Fig. 2 is shown a new lamp receptacle, by which the company 
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The Reeves Vertical Cross-compound Engine. 


Any improvements that add to economy, efficiency and convenient 
handling of a steam engine, particularly when of a nature that lessens 
personal attention and assures constant operation, are always of 
interest, and below are briefly described some of these features as 


embodied in the Reeves engines. 


The design of these engines permits of the development of great 
power within very small floor space and provides for easy access 
and adjustment of all parts. In the engine shown in Fig. 1 the cylin- 
der dimensions are 10% in. and 24 in. x 14 in. stroke; the shaft is 
614 in. in diameter and is provided with three bearings, the outside 
ones being II in. and center 







one 10 in. long, all the parts 
sO proportioned as to assure 
a perfectly balanced ma- 
chine. 


FIG. I.—CROSS-COMPOUND ENGINE. 


In the cross-section, Fig. 2, the high-pressure piston is about to 
start on its downward stroke, and the low pressure on its upward 
stroke. The admission valve is moving upward, admitting steam on 
the top of the high-pressure piston and across through the connect- 
ing port, B, and around the head of the main valve. At the same 
time the main or center valve is moving downward, admitting steam 
under the low-pressure piston. This is the exhaust steam from the 
previous stroke of the high-pressure piston, which passes through 
the port, B, around the neck of the main valve and through port 
C into the bottom of the low-pressure cylinder. 

When the pistons have moved about three-eighths of their stroke 
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FIG. 2.—CROSS-SECTIONAL VIEW OF ENGINE CYLINDERS. 


the admission port has been opened and the admission valve returned 
to point of cut-off. The main or center valve is now moving upward 
and finally closes port C. At this point compression commences 
in the high-pressure cylinder and continues until the main valve 
opens the port, C, again; meanwhile the main valve closed the 
upper port and compression took place in the low-pressure cylinder. 

The steam distribution gives practically an equal division of work 
in the high and low-pressure cylinders and there being no receiver 
employed, losses from free expansion and condensation are obviated. 
The engines are so designed that either cylinder can be used, inde- 
pendently of the other, should necessity require. 
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The chamber, 4, around the sleeve in which the admission valve 
works, acts as a separator and is drained, as can be seen, at the ex- 
treme lower end. The sleeve receives the direct impact of the 
steam instead of the valve; the latter is absolutely balanced, as all 
its exposed surfaces are under constant uniform pressure. Each of 
the three openings in the sleeve are larger than the steam pipe, and 
the steam is, therefore, not wire-drawn in passing to the cavity inside 
the sleeve. 

The cubical capacity of chamber A, together with space inside of 
sleeve, is greater than the amount of steam the high-pressure cylin- 
der can take, up to three-fourths cut-off; as a result, the cards show 
remarkable steam lines, the actual difference between the initial 
cylinder pressure and pipe line pressure being extremely small. 
The space formed by the separator acts as a bank or storage from 
which the engine draws its supply of steam. 

The separator being close to the high-pressure cylinder, acts also 
to a degree as a superheater; thus instead, as in other separators, 
being a source of loss, it is here a direct gain, it is evident that any 
heat it may lose must be taken up by the cylinder. There is no 
repassing of steam over the same surfaces, which is, in itself, a guar- 
antee of economy. The low cylinder heads are cast integral with 
the cylinders, which reduces the number of joints to keep tight. 

The piston valves employed assure practically constant economy, 
as they can be easily adjusted (each end independently of the other), 
and made steam tight without removing them from their seats, and 
while steam is on the engine. 

Referring to the governor, the holes for the shaft and governor 
pin are bored at the same setting, thereby assuring perfect align- 
ment; then a hard cast-iron bushing, which has been carefully 
reamed and ground, is pressed into the cavity that is to carry the pin. 
Into this bushing is introduced a carefully finished gun metal sleeve, 
constructed with connected lubricating grooves on the inside and out- 
side, around and lengthwise, and by means of which the lubricant, 
which is supplied by force feed grease cups, is carried to all bearing 
surfaces.: 

The governor is attached to the wheel by inserting the pin through 
the gun metal sleeve. The shoulder on the bar will face the finished 
surface on the back of the wheel, and the end of the pin will come 





FIG. 3.—THE GOVERNOR. 


flush with the face of the sleeve on the front and be held in place 
by the cap, shown in cut. Referring to the pawl on the cap, and the 
teeth that are cut into the rim of the sleeve, it will be seen that when 
the cap is in place it must move with the pin since it is securely 
held by a dowel and stud bolt. 

When the governor arm moves away from the stop on the rim of 
the wheel—as it is sure to do when the engine is started or whenever 
there is any material change in load—the paw! on the cap will pick 
up a tooth and turn the sleeve a short distance (always in the same 
direction) ; when the arm moves back another tooth will be engaged 
and the operation repeated, thereby presenting continuously to the 
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pin a freshly lubricated and practically new bearing surface. This 
insures constant lubrication and practically perfect continuous regu- 
lation. Any wear that may occur takes place on the revolving sleeve, 
and this being interchangeable can be replaced, when necessary, in 
a very few minutes. 





Regulating and Reversing Controllers. 


Controllers for motors used upon cranes and in other places where 
frequent stops and reversals are necessary must have unusual sturdi- 
ness, in order to withstand the strain and wear of constant motion. 
They must also be simple and positive in action in order to give 
perfect control of the motor, both in speed and direction of rota- 
tion, and with the fewest possible movements of the handle, for with 
the almost incessant operation of the 
controller any inconvenience in ma- 
nipulation would be a serious draw- 
back. 












To meet the peculiar requirements of such service, controllers 
possessing the desired features have been designed. One style of 
such a device, the commutator type, as made by Westinghouse Elec- 
tric and Manufacturing Company for use with direct-current series, 
shunt and compound motors, is shown in the accompanying illustra- 
tions. In form and construction it is unlike any other controller 
and its design enables the manufacturers to give special prominence 
ta the qualities most desirable in an appliance of this kind. 

For convenience in installation, it is made in two forms. 
type the controlling mechanism is mounted on the side of the frame 
containing the resistance, and in another it is mounted above the 
resistance as shown. The space available for installing controllers 
for motors used with cranes and other machinery is usually greatly 
restricted, and this provision for adapting the device to the place in 
which it is to be used is of corresponding value. 

The controlling mechanism is mounted upon a circular slab or 
base of insulating material, which provides high insulation between 
adjacent contacts and between the contacts and ground. Through- 
out the entire controller, ample provision for insulation is made. 

Both the contact and finger tips can be easily removed and re- 
newed without disturbing the connections. The contacts are arranged 
in parallel rows along the periphery of the disc, the relative position 
of the contacts and the finger tips being the same as that of the 
brushes and commutator in a generator or motor—a form which 
has been found more desirable than any other for this particular 
The same cont-cts are used for application of the current 


In one 


service. 
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Fics. I, 2 AND 3.—REGULATING AND REVERSING CONTROLLERS. 
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in either direction, thus lessening the number required, while an 
effective magnetic blow-out makes it impossible to maintain an 
arc and prevents burning of the contacts. 

Each controller has four brush holders mounted upon a rocker 
arm to which the handle is attached directly, working without gears 
or pinions. A single movement to right or left applies or reverses 
the current, and the distance the handle is moved determines the 
motor speed by varying the amount of resistance in series with the 
motor armature. There are sixteen steps in each direction and a 
very close regulation of the speed is thus obtained. 

When the controller is placed in the rear of a crane cage, it is 
operated by a crank and lever directly attached to the spider which 
carries the brushes. The second type above mentioned, with the 
controller mounted above the resistance, is very generally employed 
for this purpose. 

The resistance used with controllers of large capacity is of the 
grid type, a form the desirability and simplicity of which are uni- 
versally conceded. For small capacities with large ohmic resistance 
an improved cell resistance is employed with ventilating spaces be- 
tween the cells, which are separated by non- 
combustible insulating spreading blocks. This 


form provides excellent ventilation, insulation 
The 


and durability. resistance is varied for 


the different capacities and uses of the motor which the controller 
governs, a different resistance being used for crane controllers where 
a closer regulation is required than is provided for roll tables and 
soaking pits, where sudden and repeated starting and reversing is 
the prime requisite. 

The chief characteristics of this type of controller are its sim- 
plicity, strength, durability, flexibility of application, and ease of 
manipulation. Any mechanic can care for it, and keep it in order, 
the cleaning, oiling and renewal of contacts when necessary, being 
all that is required. All parts are exposed to view, and connections 
are easily made. 

Controllers of the commutator type are made regularly in ca- 
pacities of from 3 to 75 hp, but are furnished especially of any 
capacity desired. For less than 10 hp, the Westinghouse Company 
makes a face plate type of controller which contains many of the 
main features of the device described. It is small and compact; has 
contacts and finger tips which are easily renewed without disturbing 
the connections; has a powerful magnetic blow-out, and in prin- 
ciple and manipulation is the same as the commutator type. The 
resistance used is especially designed for the purpose and is par- 
ticularly effective and durable, withstanding an extraordinary amount 
of heat without impairing its efficiency. 

The three types illustrated afford a choice of a regulating and 
reversing controller suitable for any service within the range of 
capacity named. 
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Flush Receptacle and Plug. 





A flush receptacle and plug is ordinarily used as a means of con- 
nection between an electric circuit and some portable device requir- 
ing current. It is obvious that the simpler the means of making 
this connection between the plug, which is attached to the device by 
a flexible conductor, and receptacle, which is stationary and fastened 
in the wall—the better the result. In the usual receptacle and plug, 
one hand is required to open the face plate and the other to insert the 








FIG. I.—FACE PLATE. FIG. 3.—PLUG AND RECEPTACLE COMPLETE, 


plug. In the “Diamond H” receptacle and plug, the shutter for the 
opening in the face plate is automatically operated by the plug itself 
—one hand, only, being required. 

These receptacles are made in gangs of any number, or are put 
in gangs with the “Diamond H” push button or rotary flush 
switches, and will fit the usual wall appliances designed for these 





2.—RECEPTACLE AND PLUG. 


FIG, 


switches. Fig. 1 is a cut of the face plate, plug removed; Fig. 2 
shows the plug in a position for entering the face plate; Fig. 3 
shows the plug and receptacle complete. 

The device is manufactured by The Hart Manufacturing Com- 
pany, Hartford, Conn., manufacturers of switches bearing the same 
designation. 





Variable Speed Too Drive Motors. 





In order to meet the demand for variable speed in motors for tool 
driving, the Commercial Electric Company of Indianapolis, Ind., 
have brought out a line of Commercial variable speed motors 
specially designed to meet the problems connected with the sub- 
ject. In these machines herewith illustrated (Fig. 1), the varia- 
tion of speed is accomplished by means of a double commutator 
armature, having two different windings; but each winding is of 
the same size conductor or of the same ampere capacity. A range 
in speed is secured of four to one, in twelve uniformly graded steps 
without overlapping. A speed controller is furnished for making 
the necessary combination of these armature windings and for 
varying the field strength to secure the intermediate steps between 
the armature combinations. These controllers are simple and com- 
pact and the changes from minimum to maximum speed are easily 
and quickly effected. The controllers are made reversible. Included 
in the controller is the rotary starting and reversing switch, by 
means of which the motor is started, stopped and reversed, while 
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the speed control is set at any desired point. The speed controller 
and starting switch are combined into one piece of apparatus and 
enclosed in a neat compact case which can be placed at any desired 
point on a driven tool, or which can be mounted on a stand con- 





FIG. I.—VARIABLE-SPEED MOTOR. FIG. 2._-CONTROLLER. 


veniently located by the side of the tool. This controller may con- 
tain a main switch or not, as may be desired. Fig. 2 shows a uni- 
versal interlocking controller and stand. Fig. 3 illustrates the motor 
equipment in connection with a standard machine lathe. The litera- 





FIG. 3.—MOTOR-DRIVEN LATHE. 


ture of the company gives further data, including some interest- 
ing curves of performance. The motors range from 2 up to 20 hp, 
weighing 500 pounds in the smaller of these two sizes, and 2,475 
pounds in the larger. , 





** Ideal’? Multipolar Generators. 





The cut herewith shows the new line of generators being manu- 
factured by The Ideal Electric and Manufacturing Company, Mans- 
field, Ohio, and is known as its “Type D,” ranging in capacity 
from 25 to 150 kw. They are four pole up to and including 40 
kw, slow speed; the larger machines being of six pole design. The 
magnet frame is of soft cast iron divided horizontally in all sizes 
and with forged steel magnet poles of circular cross section cast 
welded into the frame so as to insure an absolutely perfect mag- 
netic joint. These poles are provided with cast-iron shoes which 
protect and support the field windings and embody the special feat- 
ures of this construction in reducing the density of the magnetic 
flux where it enters the armature, and permitting the use of a 
comparatively large air gap. 

The armature is of the iron-clad type having a laminated core 
of the best quality of sheet steel of very thin gauge. Ventilating 
ducts are provided at right angles with the shaft and transversely 
through the core, insuring perfect ventilation. In the smaller 
sizes the core discs are mounted directly on the shaft and securely 
keyed thereto; while the larger sizes are provided with armature 
spiders so devised that the armatures can be arranged for mounting 
directly on the extended crank shaft of the engine for direct- 
connected service. Ribbed flanges are mounted on the outer edges 
of the core discs which ventilate the outer surface of the armature 
core and the windings at the bend of the coil. The windings consist 
of form-wound coils made of flat copper strip thoroughly insulated 
with horn fibre linen tape, dipped in the best quality of insulating 
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varnish and thoroughly baked. Surface bands are used to retain 
the coils in the slots. 

The commutator segments are well proportioned, being of suf- 
ficient length and depth to allow ample margin for wear. The 
flanges are of cast iron, insulated from the segments with solid V 
rings. The mica segments are of the best grade of pure, soft mica 
and the mechanical construction of the commutator is very rigid. 
Copper-coated composition carbon-graphite brushes are also used, 
elamped directly on the face of the holders. The holders are of 
heavy brass construction amply large to carry all current required 
without heating. The holders are of such a type that the brushes 
operate without vibration and the machines run cool and sparkless. 
The brush holder stems to which the holders are fastened are 
insulated from the quadrant and firmly secured in place to prevent 





MULTIPOLAR GENERATOR. 


them from working loose. The brush surface never exceeds 30 
amperes per square inch of carbon contact. 

The generators are designed to operate at their full rated capaci- 
ties without a rise in temperature to exceed 30° above the sur- 
rounding air in either the armature or field winding, and 35° C. rise 
in the commutator. They are built to operate at an overload of 
25 per cent. for two hours, and to withstand an overload of 50 per 
cent. for two to three minutes without injurious heating or spark- 
ing. The machines are thoroughly tested before leaving the works 
and guaranteed against defective workmanship or material. 
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Series Enclosed Arc Lamps. 





A series enclosed arc lamp for use on 9.6 ampere circuits, which 
has now been in successful use for over six years, is now being 
made in quantities for the general market by Mr. W. F. Warner, 
of Muncie, Ind., its inventor and designer. During the past nine 
months, the lamp has been introduced in a number of cities, and 
has found favor as a lamp made for electric light men by one of 
themselves. Mr. Warner has had a number of years of experience 
in the manufacture of electrical instruments, and for over twelve 
years has had: active control of electric light plants. Throughout 
this period he has been impressed with the need for such a lamp 
as he has worked out and introduced. The lamp is a very radical 
departure from the ordinary arc lamp construction. It is of the 
shunt feed type, and is purely electrical in its operation. The shunt 
coil does not control the feed of the carbon in the usual mechanical 
way, but does it electrically. Mr. Warner has therefore been able 
to simplify the interior of the arc lamp very much, doing away with 
springs, levers, cut-outs, pinions, and other familiar features. 

While the lamp was designed especially for 9.6 amperes, and 
gives satisfactory service, operating on 50 volts at the arc, it will 
work equally as well, or perhaps better, on circuits of lower am- 
perage. It is furnished for multiple work as well as series. The 
lamps are enclosed within a sheet copper hood, and the finish is 
natural copper for the hood, and aluminum finish for the top and 


bottom castings. 
It might be well here to mention three of the features which 
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have made the “Warner” enclosed arc lamp a success on circuits 
of such high amperage. In the first place he uses a globe which 
is considerably larger than the ones used on ordinary enclosed arc 
lamps, and instead of using an iron gas cap, he has made the gas 
cap entirely of an insulating material in one piece, which is an 
insulator to both heat and electricity. This cap with its globe is 
at a reasonable distance from the bottom of the lamp body, per- 
mitting the air to circulate around and about the globe, and the 
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SERIES ENCLOSED ARC LAMP. 


gas cap so as to dissipate the heat without allowing it to enter the 
lamp body, and thereby raise the temperature of the mechanism. 

The cut shows an outer globe which has some radical features. 
Most of the objections made to enclosed arc lamps lie in the extra 
time required to trim, and the many broken outer globes on ac- 
count of having to remove these each time the lamp is trimmed. 
The Warner globe has a large opening at the bottom to allow the 
inner globe to be removed and the lamp trimmed without having to 
take the outer globe off. This saves considerable time in trimming 
a lamp, and many broken globes, aids very much in keeping the 
inner globe cool, and has thereby increased the life of the inner 
globe itself. 
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Electric Signs and Letters. 





The increasing requirements in regard to safety, durability and 
good appearance of electric i and letters have caused the in- 





FIG. I.—ELECTRIC SIGN. 
troduction of steel in their construction. The Haller Machine Com- 
pany, of Chicago, has given much thought to improving the construc- 
tion of electric signs and letters, and has put on the market such 





FIG. 2.—ELECTRIC SIGN. 


goods. These signs are constructed of galvanized sheet steel, and 
although they are quite rigid and strong they are surprisingly light. 
The signs are decorated with embossed metal ornaments and scroll 
work, finished in gold leaf and colors, and are, therefore, very at- 
tractive also as day signs. The sign letters have a glossy white 
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enameled face, reflecting the light brilliantly, while the sides are 
usually bright red, and the background smalted blue or black. All 
parts, the letters, ornaments and background, are in one piece, and 
none can come loose. The metal has further the advantage that it 
does not shrink, warp or crack, and is incombustible, waterproof and 
weather-proof. The lamp sockets used have removable shells. The 
letters are made either in the old raised or box shape, in a novel 
depressed or grooved style. The latter need fewer lamps and less 
current, as the light from the lamp is concentrated in the grooves of 
the letters that show up in distinct outline and can be read at any 
angle without blurring. 

Besides different kinds of flashers, automatic switches, etc., the 
above company has also put on the market Goltz’s automatic dim- 
mers, by which the lights are quickly brought from darkness to 
full brightness, in which they stay a while, and then turn quickly to 
darkness, staying dark for a while, etc. The duration of darkness 





FIG. 3.—AUTOMATIC SIGN DIMMER. 


and brightness can be regulated and thereby any desired saving of 
current made, say from one-half to two-thirds. Double dimmers 
operate as described above, on two parts of a sign in rotation. 

Besides full background signs, the Haller Machine Company 
manufactures wire screen signs, roof signs and single electric letters 
from seven inches up to twenty-five feet in height. The small cuts 
herewith, Figs. 1, 2 and 3 show a raised letter sign, a grooved letter 
sign and a large automatic double sign dimmer. 





New Resistance Unit. 


Mr. H. Ward Leonard, president of the Ward Leonard Electric 
Company, has designed and perfected a resistance unit to meet the 
most advanced ideas regarding permanent high resistance. It is a 
porcelain tube, the thickness of a lead pencil, and only 2 in. long, 
with 5,000 ohms of resistance, but with only one layer of wire. The 
enamel covers all the resistance wire and the connection between 





HIGH RESISTANCE UNITS. 


the small resistance wire and the larger terminal lead wire. The 
wire and joint are, therefore, hermetically sealed from the atmos- 
phere and its corrosive action. Eleven thousand ohms can be put 
upon a tube 4 in. long by 7/16 in. diameter. 

The cut shows a high-resistance unit tapped, giving eight equal 
steps of resistance. These units are especially applicable for use 
in constructing small rheostats, telephone resistance, etc. 
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Battery Fan Motor. 


Many of the early battery fan motors were grotesquely inefficient, 
but in this line as in others, good engineering design has been 
brought to bear. The fan motor shown herewith, built by the 
Knapp Electric Novelty Company, of New York, may be cited as 
an illustration of improvement in this field. 

This efficient, attractive and low-priced fan, taking current from 
portable batteries and easily moved as occasion requires, is designed 
for use where the street current is not available. The field is formed 
from steel punchings and the armature is drum-type with six teeth. 





BATTERY FAN MOTOR. 


The brushes are readily adjusted while the motor is running, and 
oil cups with automatic feed keep the motor at the point of proper 
lubrication. 

The fan is mounted on an iron base fitted with starting switch 
and rubber feet. It throws a good breeze directly forward or can be 
tilted to an angle either up or down or made into a wall bracket 
fan by adjusting the wing nuts at the lower sides of the field. 

Good dry cells, connected four in each series of five multiples 
(twenty cells total) will draw so small a fraction of an ampere 
from each cell as to hold the voltage and enable the battery to 
stand up to the work. Used only four hours per day, about 300 
hours can be obtained. If worked continuously, not allowing the bat- 
tery to recuperate, the length of life is, of course, greatly reduced. 
Where constant work is necessary, as in a sick room, etc., it is more 
economical to have extra sets of battery. Two storage cells, or two 
or three acid cells, according to the amount of current back of them, 
will also give good results. 


a 2. . amen - = 


Portable Lamp Guard. 


\ new portable lamp guard is the latest addition to the “Crescent” 
line manufactured by the Crescent Company, of Chicago. After 





LAMP GUARD. 


many experiments the concern is able to furnish a portable lamp 
guard designed for all requirements. Its construction is such that, 
while it is strong enough to withstand the hard usage of an engine 
or boiler room, it is sufficiently ornamental for offices. As will be 
seen it is provided at one end with a hook for suspension and at the 
other end with a handle, so that it can be carried around easily and 


safely. 
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Financial Intelligence. 


THE WEEK IN WALL STREET.—Values in the stock market 
at the close of the week were irregular at concessions following a 
recovery from a general decline earlier in the week. Bearish in- 
fluences arising from the disturbed financial situation abroad and 
railroad cutting at home accounted for the decline. The public 
took little interest in the market, which was narrow in consequence. 
The heaviness of the trunk line shares, particularly Pennsylvania, was 
noted, and New York Central later became conspicuous. Brooklyn 
Rapid Transit and Amalgamated Copper also became active and 
advanced with ease. The United States Steel shares were steady at 
first, but afterwards became quite weak and were depressed by 
renewed unfavorable reports about the earnings of the corporation. 
Prices on the curb for outside securities generally sagged in sym- 
pathy with the main market. The largest transactions were in rights 
at a lower range of prices. There were a few scattering sales of 
New York & New Jersey Telephone rights at 354. Interurban Rapid 
Transit closed at 102, being a net gain of 4%. Tractions are all lower. 
Brooklyn Rapid Transit closed at 3934, which represents a loss of I 
point. Manhattan Elevated closed at 141%, rallying from 140%, 
and Metropolitan Street Railway closed at 114%, which is % above 
the lowest price and a net loss of 1% points. In the electric list a 
loss of 5 points net is recorded in General Electric, which closed at 
158 after having reached 163. Westinghouse closed at 158, which 
is a loss of 1 point compared with the closing price of the previous 
week. Western Union gained % point, closing at 874%, and Com- 
mercial Cable was off 5 points, the closing quotation being 187. 
Following are the closing prices of March 1: 


NEW YORE, 
om, - Mar. 1 og 23 Mar. 1 
American Tel. & Cable...... General Electric. ........... 158% 159 
American Tel. & Tel........ lis 121 AHudson River Tel........... 
American Dist. Tel.. 22 22 Metropolitan St. Ry......... . 114546 11434 
Brooklyn Rapid Transit . 3874 40% N. E. Elec. 7 , ae ity 
Commercial Cable. ... ve 188 N. y. ne We MOR: bos essences se : 
Eiectric Boat. .. ... ae 20 Marconi Tei ewan debies: 64 5% ax 
Electric Boat pfd............ a 49 Western Union Tel.......... 8656 8754 
E1ectric Lead Reduction... .. % Westinghouse com.......... 154 15644 
Electric Vehicle............. . 1% Westinghouse pfd........... 170 175 
E.ectric Vehicle pfd......... $s 10 
— 
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American Tei. & Tel .. .... 120 130% Western Tel. & Tel. pfd.... 77 78 
Camberland Telephone.... Lt44y 11444 Mexican Telephone......... le 1 
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General Electric............. 158 157 BE, SEDs TEN s 6+ 02.00 00:08 0.06 18% 18 
Western Tel. & Tel ......... 9 34 Mass. Elec. , 4 pfd....... 744 7334 

ee 
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Elec, Storage battery. . 33 52 Phila, Blectric......csccc..0.. 3% 534 
Elec. Storage Battery pfd. 53 52 Phila. Rapid Irans......... 14 1438 
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*Asked 


NATIONAL CARBON.—The annual report of the National Car- 
bon Company for the year ending January 31, 1904, already quoted 
in these columns, showed net earnings of $736,441 compared with 
$504,372 the previous year. The increase was $142,069, or about 
24 per cent. Net earnings for the year just reported amounted to 
7 per cent. on the $4,500,000 preferred stock, and to 7.6 per cent. 
on the $5,500,000 common. Nothing was paid, however, on the com- 
mon, the company charging off the greater part of the surplus after 
preferred dividends. This has been done every year since organiza- 
tion, in 1899. The company has made a good record of earnings. 
The following table compares income accounts for the five-year 


period 1899-1904: 
P.C. on Charged 


Net earn. Pfd. div. Balance. common. off. 
SERS ces kEG GN OES AWE BES $736,441 $315,000 $421,441 7.6 $280,429 
SR, kasd daper bas ccaves 451,687 315,000 136,687 2.4 100,000 
NN RN ee ee re EE.” esos 0s 136,687 5.2 180,429 


This good showing is also evident in the balance sheets in the 
form of increased working capital. The following table compares 
working capital at the beginning and at the end of the five-year 


period: 





1904. 1899. 
CN MONON os hod 6.s's PN OEE TRNAS EWA SA ORS CRED OSE ES $1,368,129 $890,424 
NE IIE ganar aie aw 49a a 4 /W WSU Wi AR Ie'S AO Oe ae A 93,570 154,479 
Oe Wi RMI oy 2 cd ag BK as oa cee maw ENO $1,274,559 $735,945 


The working capital shows an increase of over $500,000. Mean- 
while there have been additions and improvements made to the prop- 
erty. The demand for carbons, quite outside the lighting field, be- 
comes yearly more varied and the output gains in bulk and value. 


COMMERCIAL CABLE COMBINATION.—It is reported that a 
new company will be formed which will offer its preferred stock 
share for share for Commercial Cable stock and issue a bonus in 
common stock. It was said that the new company might be formed 
for the purpose of combining the Commercial Cable Company and 
the Commercial Pacific Cable Company, which is the company in- 
corporated in 1901 to lay and operate the cable from California to 
the Philippines and China. The authorized capital stock of this 
company is $12,000,000, and it is controlled by the Commercial 
Cable interests. The Commercial Cable Company increased its stock 
about a year ago and it was said then that a part of the $1,666,000 
increase would go toward completing the Pacific cable. The cable 
company’s stock is $15,000,000, and its bonded debt $20,000,000. This 
week Mr. Clarence Mackay has given out details of the scheme and 
has just organized an investment trust under the name of “The 
Mackay Companies,” the design of which is to perpetuate the name 
of his father, the late John W. Mackay; to provide for the develop- 
ment of the companies which John W. Mackay founded and to safe- 
guard, upon an even basis with Clarence H. Mackay’s own, the in- 
terests of those who have invested capital in the enterprises with 
which his father was identified. “The Mackay Companies” has au- 
thorized for exchange for the stock noted above $30,000,000 par 
value of its own 4 per cent. cumulative preferred shares and a 
like amount of common shares, so that each stockholder in the cable 
company will receive for his holdings 200 per cent. in the preferred 
and 200 per cent. in the common shares of the new concern. 


NIAGARA, LOCKPORT AND ONTARIO POWER.—Opposi- 
tion is being made to the plans of the above enterprise. Julius Henry 
Cohen, chairman of the Legislative Committee of the Citizens’ Union 
has given out a statement condemning the Assembly bill amending 
the charter of the Niagara, Lockport and Ontario Power Company. 
He says: “It is a measure which deserves the attention and con- 
demnation of the press, not only in New York City, but throughout 
the State.” The Citizens’ Union recognized the danger in this bill 
and asked for a hearing before the Assembly Committee on General 
Laws. The delegation which went to Albany and opposed the bill 
came away with the general assurance that it would be materially 
amended. But the bill is, in its amended form, a dangerous meas- 
ure. Here is a company which was given a franchise ten years ago. 
It has not yet spent one cent on actual construction. It is now pro- 
posed to extend its time, to give it the right to deface Niagara, 
without any compensation to the State, and to give it extraordinary 
franchise rights in every city and town of the State. The pretended 
probition in the amendment does not prohibit it for, by combining 
with a local company in any city or town, it will have a perfect 
franchise, even in New York City, to rip up the streets, lay con- 
duits, erect poles, and exercise any other powers enumerated above.” 


NORDEN-BITTNER ELECTRIC COMPANY.—A petition in 
bankruptcy has been filed against the Norden-Bittner Electric Com- 
pany, manufacturer of electric supplies, of New York City, by the 
following creditors: Munder Electric Company, of Springfield, Mass., 
$816; Joseph George, $68, and O. E. Nantel, $16. It is alleged that 
the company is insolvent, and in January and February transferred 
cash to certain creditors to prefer them. John Bittner was president 
and treasurer, and M. Norden secretary and manager. It was in- 
corporated on August 16, 1901, with a capital stock of $100,000. 
Judge Holt of the United States District Court appointed Job E. 
Hedges receiver of the assets on the application of Stern, Singer & 
Barr, attorneys for the petitioning creditors, who stated that the 
assets are about $8,000, of which $5,000 are collectable accounts and 
the balance merchandise. The cause of the bankruptcy petition was 
the withdrawal of Mr. Bittner, as he declined to advance any more 
money to the corporation. 


ST. LOUIS LIGHTING.—The stockholders of the Laclede Gas 
Light Company of St. Louis, which is controlled by the North Ameri- 
can Company, will hold a special meeting on April 18 to vote upon a 
proposition to increase the common stock from $8,500,000 to $17,- 
500,000, making the total capital, including preferred stock, $20,000,000. 
A vote will be taken at the same time on increasing the bonded in- 
debtedness from $10,000,000 to $20,000,000. In a circular to the 
stockholders, President C. W. Wetmore of the North American 
Company says that $5,000,000 cash will be needed before Feb- 
ruary I, 1905, to meet expenditures for improvements and exten- 
sions incidental, largely, to the contracts of the company for the St. 
Louis Exposition period. The fresh capital will also provide for the 
development of the business of the company for a series of years. 
It was said that a local banking house was prepared to take the 
entire $10,000,000 issue of Laclede bonds and that there would be 
no syndicate to handle them. 
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NEW YORK AND NEW JERSEY BELL TELEPHONE— 
The New York and New Jersey Telephone Company has issued its 
full report for the year ended December 31, 1903. Below are some 
of the figures: 














1903. 1902. 1901. 1900. 
GOED Sovvacergesvovenevesese $4,741,344 $3,962,597 $3,376,433 $2,827,481 
EXPCMSCS .cccccccccsccccveces 3,269,996 2,823,458 2,294,633 2,018,603 
TOE Ad tlh phe adh-s ceveeveuees $1,471,348 $1,139,139 $1,081,800 $808,878 
Charges and taxes...........-. 181,214 166,350 174,104 174,731 
SAMUS oc vcsevvesscesvccse $1,290,134 $972,789 $907,696 $634,147 
Dividends ..cccscccvecescevess 852,216 707,627 616,286 490,650 
SOPPIUS. cvecccceccvesessoces $437,918 $265,162 $291,410 $143,497 
Earnings and expenses in detail follow: 
Gross earnings: 
Exchange service .......-...-. $2,262,289 $1,903,707 $1,633,319 $1,372,916 
Pay stations ......ccccesesees 596,031 490,294 428,996 356,560 
TOUS. 650 06.4 0866049009000 b6.0-T8 1,656,943 1,365,854 1,162,279 965,341 
Leased lines and instruments.. re QT LT ae 
REA] GOtHCO. a vcccscccccsesvers 132,803 113,415 107,415 83,939 
Other SOUrcesd ......ccccsccecs 69,547 89,327 44,424 48,725 
BG, cctb ee satay sav eneatene $4,741,344 $3,962,547 $3,376,433 $2,827,481 
Expenses: 
IONE, cok sc vada oes sevens yan $761,541 $646,240 $536,665 $504,613 
Operating .......ccccccceccece 761,331 594,730 522,071 460,849 
Reconstruction and maintenance 1,446,050 1,330,172 997,828 847,649 
Instrument rental ...........-- 219,950 181,616 176,855 147,417 
MOO CHEER cc ciccccswesvevesss 81,124 70,699 61,214 58,085 
Js | SP rewrer rrr Tray Sree $3,269,996 $2,823,457 $2,294,633 $2,018,603 


BALTIMORE UNITED RAILWAYS.—The United Railway & 
Electric Company of Baltimore reports as follows for the year ended 
December 31, 1903: 





1903. 1902. Changes. 
NE cates ee eae ese esta ee VeNweas $5,480,629 $5,041,275 Inc. $439,354 
EXPENSES occcccccccsvccsccececcccceese 2,554,241 2,252,133 Inc. 302,108 
er es rere re ee re to $2,926,388 $2,789,142 Inc. $137,246 
CURE TROON x 5. ie 6 00:5. 6:055:0.055009502 008 90,374 53.405 Inc. 36,969 
pe er rer re $3,016,762 $2,842,547 Inc. $174,215 
CHOMIED noe 60 ce Cs wees 0c cee Heed FEES 2,708,030 2,637,115 Inc. 70,915 
BGR | 650d tka see aaer0 005985, 000 Rs 0s $308,732 $205,432 Inc. $103,300 


CANADIAN BELL TELEPHONE.—tThe Bell Telephone Com- 
pany of Canada makes a satisfactory annual report as follows for 
the year ended December 31, 1903: 


1903. 1902. Changes. 
sobs 5.566% 4 3o5 hss eas Chee tae NEES $2,522,275 $2,085,134 Inc. $437,141 
ERDONSER cccacccccesccsccsoewesscveces 1,940,123 1,580,852 Inc. 359,271 

WE Fics 0'k 450s 4 DR RON PATER ERA OO $582,152 $504,282 Inc. $77,870 
RGD: 0605 559:40e Schr eR Seren ErE ees a BEEBIG.  dsntseee  Kebenses 
UTS 5-6 vse sas wah ates Casean wens CINE GES Sop eedes  - . eeewwons 


The capital stock of the company is $6,000,000, of which the 
American Telephone and Telegraph Company owns $2,314,700. 


UNION SWITCH & SIGNAL COMPANY.—The following is a 
summary of the annual report of the Union Switch & Signal Com- 
pany for the year ending December 31, 1903, as compared with 
previous years: 








1903. 1902. Igor. 1900. 

Grogs SGGEIE 46.06 csnse esses es $2,132,835 $1,774,005 $1,605,649 $1,690,319 
Interest and other disbursements 1,803,513 1,420,322 1,308,143 1,300,406 
PEGE ) soa aps abe seo 400s nas aoa $329,322 $353,683 $297,506 $389,913 
Preferred dividends .......... 130,867 79,726 79,726 79,726 
BUCIUR Wivcugcsnecedenener ee $198,455 $273,957 $217,780 $310,187 


DIVIDENDS.—West Jersey and Seashore Railroad directors have 
declared the regular semi-annual dividend of 2% per cent., payable 
March 15. The South Side Elevated, Chicago, has declared the 


regular quarterly dividend of 1 per cent., payable March 31. 
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Commercial Intelligence. 





THE WEEK IN TRADE.—Winter’s icy grip on trade seems to 
be relaxing, according to reports from the various sections, and 
although severe weather conditions still exist in some, spring trade is 
asserting itself. Distributive trade in the South has been good and 
generally in excess of a year ago, and the milder weather has 
brought out more country buyers. In the East spring trade is grow- 
ing, but retail business is still restricted by the continued cold 
weather. Manufacturing plants are gradually restoring idle ma- 
chinery, and there is more disposition to anticipate future require- 
ments. In the building trades there is every indication of activity 
with the advent of spring. The cold weather still hampers outdoor 
operations, but several very large transactions in lumber are reported 
from the West and Northwest. Baltimore concerns are resuming in 
temporary quarters, stocks of goods being accumulated with great 
rapidity, but no permits have been issued for rebuilding the burned 
district, as plans are in preparation for realignment of the streets. 
Foreign commerce at New York for the last week shows a loss of 
$2,489,799 in exports and a decrease of $2,549,672 in imports as com- 
pared with the same week last year. The strength of the wheat 
market, and of the coarser grains, which is looked for to increase, and 
of provisions generally, are the leading features of the price situation. 
War talk is still an influence tending to strengthen food products, 
but to depress raw cotton. Collections are still unsatisfactory at 
most Northern markets. Money is easy and deposits show increases 
at leading centers. Railway earnings are not as encouraging as in 
the past, owing partly to the congestion growing out of blockaded 
shipments, but partly to cutting of grain freight rates, which, despite 
the small movement at present, affects the situation appreciably. 
Iron and steel are still irregular, but the tendency, as a whole, has 
been in the direction of improvement, owing to the enlarged demand 
reported for finished products, notably bars, wire and wire goods, 
steel pipe, and light and heavy hardware. The liabilities of the com- 
mercial failures thus far reported for February aggregated $10,796,166, 
of which $2,732,453 were in manufacturing, $4,290,235 in trading, and 
$3,773,453 in other commercial lines. Bradstreet’s summary of busi- 
ness failures for the week ending February 25 shows that there were 
200, against 23 the week previous, and 185 the corresponding week 
last year. Copper remains unchanged, dullness still being the preva- 
lent condition in the market. Quotations are, for Lake, 12% to 12%.; 
electrolytic and casting stock, 123% to 125¢c. The exports so far in 
February show a marked falling off, the shipments amounting to but 
8,800 tons. 


THE ELECTRIC STORAGE BATTERY COMPANY, of Phila- 
delphia, has recently closed a number of contracts for the installation 
of batteries of “Chloride” accumulators. Among them may be noted 
two batteries of the North Shore Railroad Company, one to be 
located at San Anselmo, Cal., having a capacity of 846 kw, the other 
located at Sausalito, Cal., having a capacity of 975 kw. Both these 
batteries to be used for line regulation. The Bay City Traction and 
Electric Company, Bay City, Mich., have contracted for a battery 
having a capacity of 288 kw, to regulate the fluctuations of the gen- 
erator lead. The Northwestern Fuel Company, Superior, Wis., have 
contracted for a battery having a capacity of 677 kw, which is to 
be used entirely for the regulation of a motor load. The Bartlett 
Illuminating Company will install for the use of the Saginaw Traction 
Company a battery having a capacity of 200 kw, to be used in regu- 
lating the fluctuations on the latter company’s railway circuit. 


NEW POWER STATION FOR NEW ORLEANS.—The con- 
struction of a new power station is contemplated by the New Orleans 
(La.) Railway Company, for which concern Sanderson & Porter, 
52 William Street, New York, are the consulting engineers. The 
proposed new plant will have an initial capacity of 7,000 hp, while 
eventually it will be capable of developing 20,000 hp. Alternating- 
current equipment will be installed. 


MEXICAN WATER POWER PROJECT.—Mexican advices 
state that L. B. Cabellero, of Mexico City, has secured the necessary 
concession from the Secretaria de Fomento by which he is permitted 
to utilize 3,000 liters of water per second from the Realito River of 
Tubares, in the District of Andres del Rio, State of Chihuahua. The 
current so generated will be used for lighting and general power pur- 
poses in that vicinity. 


CORTLAND (N. Y.) PLANT TO BE REMODELED.—The 
power station of the Cortland County Traction Company, Cortland, 
N. Y., is to be remodeled. The existing equipment consists of 
Watertown engines and belt-driven General Electric railway gen- 
erators. wo new 200-kw generators will be installed. Jeremiah 
J. Kennedy, Exchange Court, New York, is consulting engineer. 
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EQUIPMENT FOR GOUBERT PLANT.—The Goubert Manu- 
facturing Company, 85 Liberty Street, New York, will award con- 
tracts shortly for considerable electrical equipment to be installed 
at its new plant, Bayonne, N. J., where, in addition to the feed- 
water heaters, steam separators and other specialties of the company, 
large castings, such as engine cylinders and marine engine work, 
will be turned out. There will be four foundry buildings, one being 
70 ft. x 310 ft. and three, each measuring 60 ft. x 310 ft. The larger 
building will be equipped with a 40-ton, also a 25-ton electric travel- 
ing crane, and each of the other buildings will have a 25-ton equip- 
ment. The machine shop will be 90 ft. x 400 ft. The equipment will 
be operated electrically, the larger tools being driven by individual 
motors, while the smaller ones will be worked by means of line 
shafting operated by motors. The power plant will be of 300-hp 
capacity. The engine will be direct-connected to the generator and 
of compound non-condensing type. The boilers are to be water tube 
equipped with superheaters. There will also be a blacksmith shop 
and plate shop, and various other buildings for storage, pattern- 
making and similar purposes. Industrial railways will be installed 
in the plant so as to connect the buildings and supplement the crane 
and railroad service, as a spur of the Central Railroad of New 
Jersey will be run to the works, which are located on the water front. 


ELECTRIFICATION OF SOUTH AUSTRALIAN STEAM 
LINES.—Regarding the proposed electrification of the suburban 
railways in South Australia, advices state that for working the Port 
Adelaide and Glenelg lines, three alternative schemes are outlined 
in a report recently prepared on the subject by the Railways Com- 
missioner and leading officers of the department. Two of the 
schemes are on the high-tension system with one power station, and 
one on the low-tension system with two power stations. The third 
scheme has been recommended for acceptance in view of its being 
the least expensive both as regards installation and as to main- 
tenance. T. Roberts, the chief mechanical engineer of the South 
Australian Railways, estimated the capital cost at about $1,500,000 
and the annual cost at about $170,000, provision being made for 48 
cars and as many trailers. The Railways Commissioner, Alan G. 
Pendleton, thinks the work should be carried out on this scheme. 
As difficulties are anticipated in operating cars successfully in and 
out of the Adelaide station, an estimate has been made of bringing 
the cars into North Terrace by a deviation from the Port line. Such 
a deviation is calculated to incur an expenditure of $150,000—$125,000 
for the track and $25,000 for electrification. 

AMERICAN SIGNALING FOR YERKES.—The Underground 
Electric Railways Company, Limited, of London (usually referred 
to as the Yerkes’ Syndicate), which is constructing an extensive 
underground and surface electric traction system in and around the 
British metropolis, has decided to utilize an American system of 
signaling on the 15 miles of double track of the Metropolitan District 
Railway. The contract has been awarded to the Westinghouse Brake 
Company, Limited, of Kings Cross, London, N., which concern has 
the British rights to manufacture the specialties of the Union Switch 
and Signal Company, of Swissvale, Pa. The signals will be operated 
automatically on the Westinghouse electro-pneumatic system and 
are to be about 300 in number. The service in the tunnels will be 
arranged for trains running at intervals of 1% minutes. A new 
form of combined signal motor and arm will be employed. This 
system has been in service for several months past on the Ealing- 
Harrow experimental section of the Metropolitan District Railway. 
This is the first instance of a British electric railway to be auto- 
matically signaled by means of track circuits. 

THE ST. LOUIS SMELTING AND REFINING COMPANY 
of St. Louis, Mo., is erecting a new smelter at Collinsville, II]. 
After considering the matter, on the advice of its consulting engineer, 
Mr. Henry Floy, of New York City, it has decided to use electric 
power throughout and has placed orders with the General Electric 
Company for three-phase motors, varying in size from 75 hp down, 
and a 240-volt alternator, to be direct connected to a Rice & Sargent 
tandem, compound engine, operating at 150 r._p.m. The Babcock & 
Wilcox Co. has been awarded the contract for boilers; the Deane 
Steam Pump Company has received the order for pumps, and the 
Buffalo Forge Company, the order for blowers. It is expected the 
plant will be in operation by July I, 1904. 

BELL TELEPHONE OUTPUT.—The American Telephone and 
Telegraph Company instrument statement for the month ended Janu- 
ary 30, is as follows: 





1904. 1903. 1902. 

Ce MINE cores Khe cea ae weed pHs ees RRO Ss 90,644 129,837 87,412 
ES ee ener a ee re cor a ee eae 36,854 43,286 34,796 
Net output Bi UL ee wet iat a aiid ore ae am 53,790 86,551 52,616 
eee eer eee ee ee 3,833,307 3,236,871 2,578,626 


While there is a large total gain over last vear, there is an apparent 
decline in net for the month of nearly 33,000 instruments, the net being 
barely in excess of the same month in 1902. 
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THE RIO TAMASOPO SUGAR COMPANY, of which Col. 
Russell B. Harrison, of Indianapolis, is president, will shortly be in 
the market for considerable electrical equipment, etc., to be installed 
on its plantation known as the Agua Buena Hacienda, located about 
130 miles west of Tampico, Mexico. A horse tramway is now used 
for the purpose of hauling the sugarcane from the fields to the 
mill and conveying the sugar thence to the Mexican Central Rail- 
road at Tamasopo, a distance of about five miles. This line will 
be converted into an electric traction system. A lighting plant will 
also be installed for lighting the sugar factory and other buildings 
on the plantation. The sugar mills are to be operated by water 
power. 


DODGE & DAY, modernizing and contracting engineers, Nice- 
town, Philadelphia, Pa., are installing in the power house of the 
Link-Belt Engineering Company, Philadelphia, Pa., a 340-hp Buckeye 
vertical cross-compound engine, direct-connected to two General 
Electric 100-kw direct-current, compound-wound generators. The 
boiler plant at the same establishment is also receiving attention, and 
while it may not be found necessary to increase the capacity, it is 
probable under-feed stokers will be introduced. The Taylor system 
of management is well underway at the Link-Belt Works, and the re- 
sults attained have been most gratifying. 


TRUMBULL SPECIALTIES FOR MEXICO.—Adolphe A. 
Chaillet, formerly technical director of the Shelby, O., Lamp Com- 
pany, is now located in Mexico City, where he is primarily inter- 
ested in a project to manufacture incandescent lamps for that 
market. He also represents the Mexican interests of a number of 
United States manufacturers of electrical equipment supplies, etc., 
and has placed a substantial contract for fusible cleat rosettes, plug 
cut-outs, switches and other specialties, with the Trumbull Electric 
Manufacturing Company, New York, offices 136 Liberty Street. 


THE FRENCH THOMSON-HOUSTON COMPANY has re- 
ceived a new order from the Paris Metropolitan Railway for 100 
complete train control equipments similar to those in use on the 
Central London Railway, Great Northern and City Railway, the 
Northeastern Railway and the Metropolitan and District Railway. 
This order is all for new equipment in addition to that heretofore 
in use or on order, and is said to be the only additional equipment 
ordered by the Paris Metropolitan. 


ELECTRIC SUPPLY CO., of 298 Second Street, Memphis, Tenn., 
is having a new store and warehouse built for it in that city, which 
it expects will be ready for occupancy about May 1. This warehouse 
will enable it to increase materially the supply stock carried. It pro- 
poses also to do a general jobbing business throughout the South. 
Mr. C. H. Harvey is president, and Mr. W. M. Deming is secretary 
and treasurer. 


MAGNET WIRE ORDERS.—The Magnet Wire Company, 80 
William street, New York, report receipt of a quantity of inquiries 
for feeder cable and trolley wires from the South and Middle West, 
as well as in this section. A substantial contract for feeder cable 
has just been secured from the Rochester (N. Y.) Railway Com- 
pany, and the Pittsburg (Pa.) Coal Company has also sent in a 
good-sized order for trolley wire, etc. 


THE POWER AND MINING MACHINERY COMPANY, of 
Cudahy, Wis., is enlarging a plant, and in connection therewith de- 
sires a number of electric motors, in capacity of 5 to 50 hp, con- 
stant speed, wound for 220 volts. The main office of this company 
is 52 William Street, New York, where the bids and correspondence 
in connection with this matter will be received. 


EQUIPMENT FOR NEW STURTEVANT HOTEL.—The new 
Sturtevant Hotel under construction at Twenty-ninth street and 
Broadway, New York, which is being built by the George A. Fuller 
Company, is to be installed with two 225-hp Harrisburg engines, 
each directed connected to 150-kw C. & C. generators, and two 120- 
hp direct-connected to 75-kw C. & C. generators. 


HOBART ELECTRIC MFG. CO., of Troy, Ohio, is contemplat- 
ing the erection of a brick addition to its factory, 220 by 50 feet. 
It will use its own power plant, but will need additional machinery 
and tools. It had not let any contracts at the time of writing, but 
is expecting to have some of them closed immediately. 


LIGHTING.—Orders are expected within the next few days for 
lighting equipment to be installed in the New York plant of the 
Federal Sugar Refining Company. There will be about 3,000 in- 
candescent lamps. Edward R. Knowles, 136 Liberty Street, is acting 
as the consulting engineer in the matter. 


TRACTION FOR ADELAIDE, AUSTRALIA.—Private advices 
from Adelaide state that it is confidently expected that the existing 
horse tramways in that South Australian city will shortly be con- 
verted into electric traction. The present lines are about 30 miles 
long. 
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UTILIZING HAT RAPIDS, WIS.—A company to be known as 
the Rhinelander Power Company has been organized with the fol- 
lowing officers: A. W. Shelton, president; E. A. Forbes, vice- 
president; Charles Chafee, treasurer, and C. A. Wixson, secretary. 
The power company is capitalized at $85,000, $40,000 of which has 
been subscribed by the above named, some of whom are connected 
with the Rhinelander Electric Light Company, and who will begin 
at once the development of the excellent water power a few miles 
below Rhinelander, Wis., known as Hat Rapids. Their first move 
will be to have a new and accurate survey made of the power, and 
follow it up with the construction of a dam, giving a 20-ft. head, and 
which it is estimated will be capable of developing up to 1,500 hp. 
The concern will be a lighting and power company, and there is not 
the slightest doubt that there will be a demand for all the power 
developed. The Rhinelander Manufacturing Company, the Wiscon- 
sin Veneer Company, the Rhinelander Paper Company, the Rhine- 
lander Iron Company, the city pumping station, etc., will be in the 
market for electric power as soon as the development is completed 
and the current turned on. An estimate of the time required for the 
completion of the work is given as six months. 


OTIS ELEVATORS FOR YERKES’ LONDON SYSTEM.— 
The Otis Elevator Company, Limited, of London, has been alloted 
the contract for the “lifts” for the whole of the Yerkes’ system of 
tube railways in the British metropolis. The elevators will be oper- 
ated by power transmitted from the central station at Chelsea. 
There will be 170 elevators in all, capable of carrying an average 
‘of 65 passengers at a time, or nearly 100,000 people all told. The 
speed will be 200 feet per minute. The underground stations will 
be fitted in most cases with four and in some cases six elevators 
each. The average rise will be 60 feet. The machinery will be of 
the Otis type and special safety appliances and non-flammable mate- 
rial are to be employed throughout the mechanism and its acces- 
ories. The shafts will vary from 40 feet to 180 feet in depth; the 
majority of the shafts will be 23 feet in diameter and some will be 
30 feet in diameter. It is expected that the bulk of the equipment 
will be manufactured on the other side. The contract, which is the 
most valuable ever let for elevators on either side of the Atlantic, 
will represent an expenditure of upwards of $1,750,000. 


DUTY ON ARC CARBONS.—Judge Lacombe in the United 
States Circuit Court of Appeals in New York City last week de- 
cided the case of the United States versus R. F. Downing & Co., 
in favor of the importers, thereby materially reducing the duty to be 
exacted on carbons for electric arc lights. These carbons, in the 
condition in which they are used, are 12 inches long, and they 
are specifically provided for in the tariff law at 90 cents a hun- 
dred. Some years ago the importers tried bringing them in in 
longer lengths, from 12% to 20 inches, and the claim was made 
that they were entitled to classification as articles manufactured 
of carbon at 35 per cent. This claim was overruled by General 
Appraiser Fischer on November 7, 1901, and Judge Henderson M. 
Somerville wrote a dissenting opinion sustaining the importers’ claim. 
This dissenting opinion is now confirmed by the Circuit Court of 
Appeals. The importers were represented by Comstock & Brown. 


INTERNATIONAL TELEPHONE CONTRACTS.—Among the 
contracts recently secured in the Northwest by Mr. Henry Shafer, 
president of the International Telephone Manufacturing Company of 
Chicago, was one for a 1,000-line capacity central energy lamp signal 
double supervisory switchboard, distributing board, lightning arresters, 
complete power plant, together with a 50-number self-restoring drop 
country party line and tollboard for re-equipping the exchange of 
the Portage Telephone Company, Portage, Wis., and telephones for 
increasing the exchange. The Portage company will use its present 
generator-call telephones on the system, by cutting out the generator 
and cutting in an International condenser, thus changing them to 
centralized calling energy local talking battery instruments. 

NEW STURTEVANT WORKS.—The boiler plant of the B. F. 
Sturtevant Company’s new works at Hyde Park, Mass., is now in 
full operation. This plant comprises three 250-hp Stirling boilers 
equipped with Jones under-feed stokers, air for which is furnished 
by a 6 ft. x 28'in. Sturtevant steam fan operating at 214 oz. pressure, 
ag x 4% ft. Sturtevant induced draft steam fan, and an economizer 
(to be installed later) of their own make. The maximum steam pres- 
sure carried will be 150 pounds. Fire was started under these 
boilers on December 23. This company has in process of construction 
a 400-hp vertical compound engine with direct-connected 250-kw gen- 
erating set, which will be the first of several units to be installed in 
the engine room. 

THE NERNST LAMP COMPANY has appointed Mr. G. E. 
Bennett to act as district sales manager of its Buffalo district office, 
recently established at 17 West Mohawk Street. These quarters will 
include an office, show room, exhibition room and stock room, with 
a complete stock of lamps and supplies to meet the requirements of 
the trade in this territory. The company has recently closed contracts 
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for the installation of 165 Nernst lamps in the Washington National 
Bank Building, and 75 lamps for the Pittsburg Supply Company, at 
Pittsburg, Pa. It has also succeeded in securing the adoption of 
Nernst lamps by the municipal electric light plant of Silverton, Colo., 
in competition with enclosed arc lamps. 


MEXICAN HYDRAULIC PROJECT.—A hydraulic plant is 
to be constructed on the river Alaja in the San Miguel Allende dis- 
trict, State of Guanajuato, Mexico. Jose de J. Garcia has been 
granted the necessary concession from the Mexican authorities which 
permits of the utilization of 1,500 liters per second. The usual fran- 
chises and obligations are embodied in the concession. A deposit of 
$5,000 in bonds of the Mexican 3 per cent. consolidated silver debt 
has been made by the concessionaire. Construction work is expected 
to be begun immediately and orders will be placed here very shortly 
for the necessary equipment. The plant will develop current for 
general power use. 


BRIDGEPORT, CONN., MANUFACTURING PLANT.—The 
Eaton, Cole & Burnham Company, manufacturers of steam fixtures, 
etc., is to install considerable electrical equipment in its plant now 
being extended at Bridgeport, Conn. A Westinghouse turbine of 
400-kw capacity will be put in. There will also be installed 31 
Westinghouse motors varying in capacity from 5 hp to 30 hp and 
aggregating 350 hp. A 30-kw General Electric direct-connected ex- 
citer set has also been ordered. G. K. Hooper, Bowling Green 
Building, New York, is the consulting expert. 


MEXICO CITY LINES EXTENDED.—The Mexico Electric 
Tramways Company (usually known as the Wernher-Beit system), 
which operates an extensive electric traction system in Mexico City 
and suburbs, proposes to construct a further line. The company has 
filed an application with the Department of Public Communications 
in the Mexican capital for the necessary authorization to build a line 
from Nino Perdido, on the south, to Los Angeles on the north side, 
thus forming a complete circuit. 


EQUIPMENT FOR HOTEL NETHERLANDS.—Mackenzie, 
Quarrien & Ferguson, 114 Liberty Street, New York, have taken an 
order for a 150-hp Harrisburg side-crank engine for direct connec- 
tion to a 100-kw Western Electric generator. The equipment will be 
used for lighting the Hotel Netherlands. The New York Dock 
Company has ordered a 75-hp Harrisburg standard simple engine for 
direct connection to a 50-kw General Electric generator for lighting 
purposes. ‘ 

THE CATAWBA POWER COMPANY has secured the con- 
tract for lighting the streets of Charlotte, N. C., and advises that 
it is now in the market for pole line supplies for eighteen miles of 
transmission, high potential circuit. It is also in the market for 
the necessary supplies for wiring the city of Charlotte for 155 arc 
lamps and for private lighting and small motor work. Mr. W. S. 
Lee, Jr., is vice-president and general manager. 


CHANGES IN CUBAN TARIFF.—Under the new Cuban tariff, 
which has just gone into effect, there is a 25 per cent. increase in the 
duty on copper wire, copper wire gauze, cables and miscellaneous 
articles. There is a 30 per cent. increase on incandescent lamps of all 
kinds, electrical insulators and electric conduits. There is a 25 per 
cent. increase on dynamo electric machinery, “inductors and detached 
parts.” 

AMERICAN ELECTRIC TELEPHONE ORDERS.—Among 
switchboard shipments recently made by the American Electric Tele- 
phone Company of Chicago are the following: Monroe, Neb., one 
100-line express; Belize, British Honduras, C. A., one 200-line ex- 
press; Olivet, Kan., one 100-line express; Dunlop, Ia., one 200-line 
express ; Topeka, Kan., one 40-line express. 


BALL ENGINE ORDER.—The Cleveland Arcade Company, 
Cleveland, O., has contracted with the Ball Engine Company, Erie, 
Pa., for one of its 400-hp heavy duty side crank engines, arranged for 
direct-connection to a Westinghouse generator. This is a new design 
which has been much admired by those who have seen it. 

TO LIGHT CAMPECHE CITY.—tThe city of Campeche, capital 
of the State of Campeche, Mexico, is to be illuminated by electricity. 
The city has a population of about 22,000. The lighting equipment 
will be purchased in the United States. Don Luis Garcia, a promi- 
nent lawyer, is one of the principal parties interested in the project. 

ELECTRIC TRACTION FOR NEW ZEALAND.—The Aus- 
tralasian electrical, engineering and contracting firm of Noyes Bros. 
has been awarded the contract for the construction and equipment 
of an electric traction system in Invercargill, a prosperous seaport 
town located in the extreme south of New Zealand. 

JAPANESE LIGHTING PLANT EXTENDED.—The Yoko- 
hama (Japan) Union Electric Light Co. is to double the capacity of 
its plant, making 1,200 hp in all. Two 300-hp Heine boilers have 
been ordered. The initial boiler equipment is also of Heine build. 
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General Hews. 
THE TELEPHONE. 


MONTGOMERY, ALA.—The Middletown & Wellsville telephone line has 
been organized here, with Jeff Haygood as president. 


JOLIET, ILL.—The building of the Chicago Telephone Company here has 
been destroyed by fire. 


JOHNSON CITY, ILL.—The Good Service Telephone Company has been in- 
corporated with a capital stock of $2500. The directors are J. E. Poindexter 
and others. 


CHICAGO, ILL.—It has been officially stated that the Chicago Telephone 
Company will erect an eight-story building on Washington St., next to the 
Title & Trust Bldg., in which place its present exchange is located and which 
it has outgrown. It will be several months before the company issues any 
new stock, as the exchequer is well supplied with immediate funds. 


LIBERTY CENTER, IND.—The Liberty Center Telephone Company has filed 
articles of incorporation. The capital stock is $2500. James P. Mounsey, L. 
A. Minnear and O. D. Garrett are the directors. 


LANDESSVILLE, IND.—The Landessville Rural Telephone Company has 
increased its capital stock to $9975, for the purpose of making extensions and 
improvements. Henry Wine is president, and Rudy Freeman, secretary. 


GREENFIELD, IND.—The Vernon Township Farmers’ Telephone Company, 
of Hancock County, has filed articles of incorporation with the Secretary of 
State. The capital stock is $1000. George M. Rumler, John Hiday, C. J. 
Jackson and others are directors. 


CONNERSVILLE, IND.—A stockholders’ meeting of the Connersville Tele- 
phone Company was held in this city recently. The directors elected George 
M. Sinks president, W. T. Edwards vice-president, and L. A. Frazee secretary 
and treasurer. The secretary reported over 700 telephones in operation. 


MARION, IND.—C. C. Huff, a country school teacher of this county, has 
used the telephone successfully in teaching absent pupils. For two weeks the 
family of James Hewitt has been quarantined because of small-pox in the 
family. Two of Mr. Hewitt’s sons are anxious to graduate this year, and for 
them to miss school rendered this result doubtful. The teacher suggested the 
telephone. For two weeks Mr. Huff assigned the lessons to the lads and heard 
them recite each evening over the telephone. They are now back in school and 
well up with their class, due to the use of the telephone. 

BALTIMORE, MD.—The Chesapeake & Potomac Telephone Company is rap- 
idly installing new instruments in the burnt district. Fortunately for the com- 
pany, it had a switchboard stored away in Washington. This is now installed 
and in working order. The Maryland Telephone & Telegraph Company was 
little harmed by the fire save in the loss of instruments and distributing poles 
in the burnt district. It is busy supplying telephones to all subscribers who 
have opened temporary offices. 

HERMOSILLO, MEX.—A long distance telephone line is to be built be- 
tween this city and Guaymas. A. Mascarenas, cashier of the Banco Sonora, 
Chihuahua, Mexico, can give information. 

TORREON, MEX.—The Government has granted a concession to M. A. 
Sepulveda, of the Torreon Telephone Company, to extend its lines to the towns 
of Gomez Palacio, Lerdo and adjacent haciendas. The concession also author- 
izes the company to extend its lines to the cities of Durango, Monterey, Sal- 
tillo, Mapimi and other places. All of the principal towns and cities of northern 
Mexico are to be included in the proposed system. 

ALPENA, MICH.—Mr. C. H. Reynolds has been elected president of the 
Alpena Mutual Telephone Company, and Mr. W. H. Johnson secretary and 
treasurer. 

MONROE CITY, MO.—J. M. Griggsby, of Goss, president of the Monroe 
Mutual Telephone Company, met about 75 farmers in this city February 20 
and formed a mutual company that will work in connection with the county 
lines. 

CLAYTON, MO.—At a meeting of the directors and stockholders of the 
St. Louis County Telephone Company, in this city, it was decided to begin 
work on the new line within the next 30 days. The offer of telephones for 
$1 a month for’ residences and $1.50 a month for business establishments will 
be discontinued after March 14. 

ST. LOUIS, MO.—At a meeting of the directors of the Bell Telephone Com- 
pany of Missouri, February 23, Cyrus P. Walbridge was elected president to 
succeed F. P. Fish, of Boston. It is stated that Mr. Fish, who is president of 
the American Telephone & Telegraph Company, could not give his time to both 
organizations. The officers elected, besides Mr. Walbridge, were Edwards 
Whitaker, vice-president; Fritz Nisbet, secretary and treasurer, and George F. 
Durant, general manager. The following directors were elected at a previous 
meeting of the stockholders: Cyrus P. Walbridge, D. S. Smith, William Dun- 
can, John A. Holmes, James Campbell, P. C. Maffit, F. P. Fish, Casper Yost, 
A. Bert, George F. Durant and Edwards Whitaker. 

AVOCA, NEB.- 
be known as the Avoca Telephone Cobpany, No. 4. 
LINCOLN, NEB.—The Phelps County 
corporated with a capital stock of $40,000. 


A number of farmers here have formed a new company to 


Telephone Company has been in- 

The directors are C. W. Stiger 
and others. 

PIKE, N. Y.—The Pike Telephone Company has been incorporated with a 
capital stock of $1000 by G. S. Van Gorden, Henry C. Lathrop and Fred W. 
Gild, Pike, N. Y. 

ALBANY, N. Y.—The Big Eddy 
rated with a capital stock of $8000. 
Engleman and others. 


Telephone Company has been incorpo- 


The directors are: Frank Kinnie, G. W. 
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JASPER, N. Y.—The Jasper & Canisteo Telephone Company has been in- 
corporated with a capital stock of $300. The incorporators are: Willis A. 
Schency, Dr. Walter Benedict, Jasper; Ray Jamison, Canisteo. 


ASHLAND, OHIO.—The Central Union Telephone Company will install an 
exchange at this place. 


HICKSVILLE, OHIO.—The Hicksville Telephone Company has increased 
its capital from $25,000 to $40,000. 


WARREN, OHIO.—The Phalanx & Leavittsburg Telephone Company is con- 
sidering the extension of its system. 


DAYTON, OHIO.—The Home Telephone Company, of Dayton, has in- 
creased its capital from $600,000 to $1,000,000. 


WALDO, OHIO.—The Waldo Home Telephone Company has been incorpo- 
rated with a capital stock of $25,000. The directors are A. Osborn and others. 


GALLIPOLIS, OHIO.—A new telephone company has been organized in 
Green Township to connect with the Gallipolis Telephone Company. Among 
the stockholders are B. and E. Wadell and J. W. Ecker. 


COLUMBIANA, OHIO.—The Fairfield Township Mutual Telephone Com- 
pany is being organized to build an independent telephone system in Fairfield 
township. Farmers in the vicinity are interested in the enterprise. Among the 
promoters are: O. C. Vanskiver, Harvey Woods, John Wisler and J. W. Weaver. 


CINCINNATI, OHIO.—The Cincinnati & Suburban (Bell) Telephone Com- 
pany continues to show a substantial increase in its business, and the number of 
applicants for surface is still on the increase. The annual report, which will 
soon be forthcoming, will make an excellent showing. The company has been 
paying dividends of 6 per cent. per annum, but recently the stock has ad- 
vanced from 140 to above 160. 


TONKAWA, OKLA.—The Farmers’ Mutual Telephone Company has been 
incorporated with a capital stock of $2500 to $10,000. 


GUTHRIE, OKLA.—The Pioneer Telephone & Telegraph Company, with 
headquarters here, has been chartered to operate telephone lines and district 
telegraph or messenger systems. The capital stock is said to be $3,000,000. 
The company is a merger of several independent telephone companies in Okla- 
homa and Indian: Territory. 


PENDLETON, ORE.—The Wild Horse Telephone Company has been in- 
corporated with a capital stock of $1000. The directors are W. M. Blakely 
and others. 


WASHINGTON, PA.—The Buffalo & Hopewell Township Telephone Com- 
pany has been formed, with J. H. Stewart as president. 


INDIANA, PA.—About twenty farmers in the vicinity of Shelocta have 
formed a local telephone company. Wm. Rankin is president of the new com- 
pany. 

COLUMBIA, S. C.—A bill has been introduced in the legislature of South 
Carolina fixing a schedule of telephone rates for city and country on a basis 
of $1.50 for residences and $2 for places of business in exchanges of less than 
250 subscribers, and $2.50 for residences and $3.50 for business houses in ex- 
changes of 1200 subscribers or over, and a proportionate scale for intermediate 
size exchanges. 

HUDSON, S. D.—The Hudson Telephone Company is contemplating building 
a large number of exchanges throughout the country districts during the present 
year. At a recent meeting of the stockholders the following named officers 
were elected: President, E. D. Cassil; vice-president, O. C. Olson; secretary, 
E. R. Buck; treasurer, F. B. Cable. 

PORT LAVACA, TEX.—The Port Lavaca Telephone Company will make 
important improvements. 

HOUSTON, TEX.—The Citizens’ Telephone Company has extended its long 
distance telephone line to Sour Lake, Tex., from Houston. 

BROWNSVILLE, TEX.—The Western Union Telegraph Company will ex- 
tend its telegraph line from Corpus Christi to this place, a distance of .about 
175 miles. 

AUSTIN, TEX.—The Southwestern Telegraph & Telephone Company an- 
nounces that improvements to cost about $20,000 will be made to the local 
system of the company. 

SOUR LAKE, TEX.—The Higgins Oil & Fuel Company has constructed a 
telephone line from this place to Batson, Tex., a distance of about 18 miles. 
It will be used for the private business of the company. 

MENARDVILLE, TEX.—The Menard Telephone Company, of Menardville, 
has just completed a telephone line to Hext, a distance of 15 miles, and will 
soon commence the construction of a line to McKavill, Tex. 

SAN ANTONIO, TEX.—Col. J. E. Farnsworth, of Dallas, Tex., announces 
that the Southwestern Telegraph & Telephone Company, of which he is man- 
ager, will expend about $80,000 in making improvements and extensions to its 
local system at San Antonio. Engineers are now preparing the plans for the 
proposed work. 

LULING, TEX.—The City Council of Luling has granted a franchise to the 
Independent Telephone Company to establish and operate a telephone exchange 
It is announced by the officers of this company that it will immediately 
begin the construction of a long distance telephone line to connect San Antonio 
and Houston, a distance of 225 miles. Among tlie men interested in the com- 
pany are: H. W. Flato, of San Antonio, Tex.;: T. H. Spear, of New York, and 
George Cornelius, of Minneapolis, Minn. 

MONTPELIER, VT.—The New England 
new line from Burlington to Rutland. 

ST. ALBANS, VT.—The independent telephone companies of northern and 
central Vermont held a meeting recently at St. Johnsbury and decided to build 
a trunk line from St. Johnsbury to Montpelier. It is the purpose of the in- 
dependent companies to build trunk lines and ultimately reach all parts of the 
state. 

GANDEVILLE, W. VA.—The Gandeville 
Company has been incorporated with a capital stock of $75,000. 
are: E. Johnson, L. A. Rader and others. 

BARRON, WIS.—The Barron County Telephone Company has increased its 
capital stock from $2500 to $22,500. 
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lelephone Company will build a 


& Weston Telephone 
The directors 
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ELECTRIC LIGHT AND POWER. 


KEMPS CREEK, ALA.—A franchise for an electric plant has been granted 
to Frank F. Taylor. 


EAST LAKE, ALA.—It is proposed to construct an electric light plant, at 
a cost of $10,000. Robt. A. Morris is chairman of the committee. 


ANNISTON, ALA.—The Coosa Water Power Development Company, of 
Anniston, has been chartered, with a capital of $250,000, to develop the water 
power of Coosa River for the benefit of Anniston, Pell City and other places. 


BIRMINGHAM, ALA.—The City Council and the citizens of the west end 
are considering the construction of water works and an electric light plant. 


DARDANELLE, ARK.—Bonds to the amount of about $7000 will be issued 
for the construction of an electric light plant. 

FORDYCE, ARK.—The Fordyce Light & Water Company has been char- 
tered with a capital of $20,000. It will furnish lights for the town and fac- 
tories. B. H. Wood, president; John R. Hampton, secretary. 


ALHAMBRA, CAL.—The Pacific Light & Power Company, 
has secured the electric light franchise. 


FERNDALE, CAL.—W. W. Barnes, secretary of the Ferndale Electric Light 
Company, writes that about $8000 will be expended in improvements. 


Los Angeles, 


CORONA, CAL.—The Temescal Water Company, of this place, is making 
extensive improvements. It is building laterals and digging wells. One of the 
largest improvements is an electrical transmission line in course of construction 
between Ethanac and Temescal, 20 miles. At Ethanac the company has a num- 
ber of good wells, heretofore pumped with gasoline and steam engines, requiring 
large quantities of oil and distillate, which had to be hauled 20 miles from 
Corona at heavy expense. Now the pumps will be driven by electric motors. 
The workmen building the electric line will have a comfortable house on wheels 
in which to live. Poles have been ordered from Washington State, and it is 
expected the line will be in operation in six weeks. The improvements will 
cost $15,000. 

DELAWARE CITY, DEL.—W. T. Smith, Mayor, writes that it is proposed 
to construct a lighting plant. 

JONESBORO, GA.—The citizens have voted to issue bonds for an electric 
light plant. 


DOUGLAS, GA.—Bids will be received March 7 by C. E. Baker, City Treas- 
urer, for $20,000 electric light and water bonds. 


BUENA VISTA, GA.—Geo. R. Lowe, Recorder, states that the town is con- 
templating letting a franchise for an electric light plant. 


COVINGTON, GA.—The development of two important water powers near 
Covington, on Alcova River, is said to be practically assured. N. S. Turner, 
W. C. Clark and C. H. White are the incorporators of a company which ex- 
pects soon to begin the work of development of the two falls. Thirty thousand 
dollars have already been subscribed to the stock of the company, and this sum 
will be considerably increased. The water power available is said to be 14,000 
horse-power. It is proposed to supply energy for lighting the city of Coving- 
ton and for operating the Covington & Oxford Street Railway and other plants. 


LENA, ILL.—The business men are considering the construction of an electric 
light plant. 

KIRKWOOD, ILL.—A franchise for an electric light plant has been granted 
to the Kirkwood Electric Company. 

VIRDEN, ILL.—The Virden Electric Light Company, of Virden, has been 
incorporated, with a capital of $15,000. Incorporators: J. N. Hairgrove, U. G. 
Tucker and C. W. Carr. 


CICERO, IND.—The Town Board is taking steps toward constructing an 
electric light plant. 
NEW HAVEN, IND.—The Town Trustees have decided to construct an 


electric light plant. 

INDIANAPOLIS, IND.—The Indiana Supreme Court has decided that the 
franchise granted by the town of Booneville to the Booneville Electric Light 
& Power Company for laying pipes, putting up poles and wires to supply light, 
heat and power, is void, because the ordinance was never published as provided 
by statute. It is now probable the company will be enjoined from further ser- 
vice until a new franchise is procured. 

LEWISTON, IDA.—The Lewiston Water & Power Company has determined 
to develop the water power near the mouth of Grand Ronde River. The im- 
about $1,000,000. The company also proposes increasing 


provement will cost 


the capacity of- its present plant from 1200 to 2000 horse-power. 
WALNUT, IA.—Bids are 
structing a complete electric light and power plant here. 
Town Clerk. 
OGDEN, IA.—Bids will be received on March 15 for an electric light plant 
of 1800 lights, a gas plant of 1800 lights, and a combined gas and electric plant. 


being received for furnishing material and con- 
A. R. Longnecker is 


Address City Recorder. 

FT. DES MOINES, IA.—Bids will be received by Maj. R. B. Turner, Q. M., 
U. S. A., Observatory Office Building, Des Moines, on March 16 for an electric 
lighting system at Ft. Des Moines. 

YATES CENTER, KAN.—It is reported that the Council 
franchises to a private company to establish electric lighting at this place. 

WEST GARDINER, ME.—Jas. and A. L. Childs, of 
among those interested in a proposed electric power enterprise, on Cobbossee 
stream at Cram’s Mills in West Gardiner, and about two miles below the outlet 
The new owners will increase its capacity from 350 
They propose to sell power in Augusta, 


wishes to grant 


Carver Auburn, are 


of Lake Cobbosseecontee. 
to 500 horse-power by raising the dam. 
Hallowell 


and Gardiner. 





See 
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MEI?RIMAC, MASS.—It was voted on January 30 to construct an electric 
light } ‘ant. 

NEGAUNEE, MICH.—Rockwell Bros. are to construct a new gas and electric 
plant at Negaunee. 

SOUTH STILLWATER, MINN.—The question of issuing bonds to the 
amount of $10,000 or $15,000 for an electric lighting plant will be voted on 
the second Tuesday in March. 

CULIACAN, MEX.—Bids are wanted March 31 for constructing an electric 
light plant. Address Senor Gen. Don Francisco Canedo, Culiacan, Sinaloa. 

SAN CRISTOBAL, MEX.—Henry T. Lecert, representing a New York 
syndicate, is investigating the situation here with the view of establishing an 
electric light and power plant. 

VILARDENA, MEX.—An electric power plant to cost about $50,000 is to 
be installed here by the American-Mexico Mining & Development Company to 
furnish power for the machinery at its mines. Dr. W. S. Phillips, of Chicago, 
Ill., is president of the company. : 

IRAPUATO, MEX.—An electric power plant will be installed here by 
Richard A. Barkley for the purpose of furnishing power to operate his four 
large flour mills, paint works and other industrial concerns. 

SAN MIGUEL ALLENDE, MEX.—Jose de J. Garcia has been granted a 
concession by the Mexican Government to establish an electric power plant on 
the Laja River near here. He is authorized to use 1500 liters of water per 
second for the purpose. 

TAMASOPA, MEX.—The Rio Tamasopa Sugar Company will install an 
electric light and power plant on its large plantation, situated near here. The 
plant will also furnish power for operating an electric freight railway on the 
plantation. Among those interested in the company are: Dr. John D. Cattic, 
of Anderson, Ind.; C. A. Smart, of Wild Rose, Wis., and Col. Russell B. 
Marrison, of Indianapolis, Ind. 

COLUMBIA, MO.—A bond issue of $10,000 was voted February 23 for the 
purchase by the city of Columbia of the water works and electric light plant 
owned by the Columbia Water & Light Company, which holds the franchise for 
the supply of water and light to the town. The plant will be purchased for 
$67,000, and will be improved. 

LEXINGTON, NEB.—Bids are wanted for a franchise for an electric light 
plant. 

FREMONT, NEB.—lIt is reported that the municipal light station will be 
enlarged by an addition 30x60 ft., in which machinery will be installed, at a 
cost of $8000. 

OXFORD, N. C.—A proposition has been made to the town to put in electric 
lights and water works, the town to rent the same. 

CHARLOTTE, N. C.—The Light Committee has recommended that the city 
make a contract with the Catawba Power Company, of Ft. Mill, S. C., to supply 
lights at $54 per year for the first 150 lights and $48 for all over that number. 


HARRISON, N. J.—The Town Council has granted a franchise to the United 
Electric Company to lay underground conduits in Harrison. 

ANADARKO, OKLA.—The citizens have voted to issue bonds for the con- 
struction of an electric light plant. 

KINGSTON, ONT.—The water power at Kingston mills on Rideau Canal has 
been secured by J. M. Campbell, and he will install an electric plant. A well 
to permit a fall of 52 ft. will be constructed. 

PENDLETON, ORE.—By the filing of a notice of water appropriation at 
Pendleton, February 8, the Northwestern Gas & Electric Company, of Walla 
Walla, Wash., took the first step toward carrying out its plan of constructing a 
power plant on Walla Walla River near Pendleton. The company will furnish 
electric power for heating and manufacturing purposes in Walla Walla, Pendle- 
ton, Athena and other towns. 

MT. UNION, PA.—It was voted February 16 to issue $12,000 bonds for an 
electric plant. 

WILKESBARRE, PA.—The Select Council has granted a franchise to the 
Ashley Electric Light Company. It refused to grant a franchise to the West 
Side Electric Light Company. 

NEW CASTLE, PA.—Robt. Hunt & Company, of Pittsburg, have submitted 
plans and estimates for a municipal electric light plant. They estimate the 
cost of buildings, equipment, etc., at $65,415, and cost of operation, $18 per day. 

SHIPPENSBURG, PA.—It is stated that arrangements are being perfected 
for the merging of the Shippensburg Gas Company and the Electric Light & 
Power Company into the Shippensburg Heat, Light & Power Company. The 
electric power will be furnished by water about two miles distant from the 
borough. 

STEWARTSTOWN, PA.—The directors of the recently chartered Deer Creek 
Water & Power Company organized in Stewartstown on February 13, with Jas. 
H. Gable, of York, president. The company proposes to construct a dam and 
power plant on Deer Creek, cne mile from Stewartstown, and when completed 
will furnish water, power and light to Stewartstown and vicinity. 

LEXINGTON, S. C.—The State Senate has passed the bill authorizing the 
Lexington Power Company to build dams across Saluda River. 

GROTON, S. D.—Herman E. Miles, of St. Paul, Minn., has secured a fran- 
chise for an electric light, gas and central heating plant. 

COLUMBIA, TENN.—The Louisville & Nashville Railroad Company intends 
to build a water power and electric light plant at Bigby Creek. The expendi- 
ture involved will be between $12,000 and $15,000. 

COLUMBIA, TENN.—Bids are wanted for building and equipping an electric 
light plant to furnish the city with lights. It is desired to let contracts for 60 
arc lights, and at end of the term a further satisfactory contract to be entered 
into, or the plant is to be sold to the city at an appraised valuation. It is con- 


templated that this plant shall also furnish incandescent lights to private par- 
ties. W. A. Dale is chairman of the Light Committee. 
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PORT LAVACA, TEX.—C. J. Spettae, of Panhandle, Tex., is arranging 
to install an electric light and power plant at this place. 

UVALDE, TEX.—An eectric light plant is to be installed here by W. H. 
Rose. He also contemplates building a street railway here. 

HARDWICK, VT.—This village contemplates increasing the power for its 
electric light plant. 

ELLENSBURG, WASH.—Bids are wanted March 7 for an electric light 
plant. It is to be operated by turbine wheels of 640 horsepower, and 240-kw 
dynamos will be installed. Estimated cost, $22,000. , 

SPOKANE, WASH.—A power company which proposes to utilize the waters 
of the Spokane River about 20 miles from here in the Big Bend territory, for 
furnishing electric lights, will shortly be organized here. A 20,000-hp plant will 
be established, from which electrical energy will be furnished to the large 
flour mills at Big Bend and for the lighting of numerous small cities in that 
vicinity. Surveys have already been made, and the route of the pole lines to 
Spokane was decided upon some months ago. David Wilson is the chief pro- 
motor of the enterprise, and has made all necessary arrangements in the east 
whereby work can be commenced in the very near future. At the point where 
it is proposed to establish the power plant, a fall of 33 feet can be utilized. 
Eastern investors will furnish most of the capital for the enterprise. 


MONTICELLO, WIS.—A municipal electric light plant is proposed here. 


EAST MILWAUKEE, WIS.—The Milwaukee Light, Heat & Traction Com- 
pany, of Milwaukee, has petitioned for a franchise to light the village. 

BELOIT, WIS.—Bids were called for March 3 for the construction of an 
electric light plant, to cost between $30,000 and $40,000. D. H. Foster is City 
Clerk. Robert Caldwell, City Engineer. 

RHINELANDER, WIS.—The Rhinelander Power Company, of Rhinelander, 
has been incorporated, with a capital of $85,000, by E. A. Forbes, C. A. Wix- 
son, R. C. Dayton and others, to improve and develop water power in the Wis- 
consin and other rivers. 

NEENAH, WIS.—The Wisconsin Traction, Heat, Light & Power Company, 
operating the electric interurban line between Neenah and Kaukauna, has 
petitioned the City Council for a franchise to light the city. The company 
offers to furnish street lights at $65 per year on an all-night schedule. 


— 


THE ELECTRIC RAILWAY. 


CHICAGO, ILL.—There is to be a meeting of the stockholders of the South 
Side Elevated Railroad Company on April 7, to vote on the question of in- 
creasing the capital stock to carry out the plans for extensions, as outlined by 
President Carter at the recent annual meeting. 


VINCENNES, IND.—The Vincennes, West Baden & Louisville Traction 
Company has asked for a $50,000 subsidy, and an election has been ordered for 
March 12. 


LEXINGTON, KY.—O. M. Baker, of Hamilton, O., and George Nowall, of 
Cincinnati, have taken the contract for building the line of the Paris & George- 
town Traction Company, between Franklin and Versailles. 


BANGOR, ME.—Surveys are now being made for the proposed electric rail- 
way from Bangor to Dexter, Me., and it is expected that construction work will 
be begun on the line this summer. The line will be 30 miles in length. The 
overhead trolley will be used. Power to operate the line will probably be de- 
veloped from water sources. The officers of the company are: H. F. Bailey, 
of Bangor, president; E. B. Weeks, of Old Town, treasurer; F. J. Martin, of 
Bangor, attorney and clerk; F. T. Dow, of Bangor, engineer. 


AUGUSTA, ME.—The Northern Main Seaport Railroad Company has been 
incorporated to build an electric railway from a point in connection with the 
Bangor & Aroostook Railroad at La Grange, to a point in connection with the 
Maine Central Railroad near the northwest line of the city of Belfast, with 
two spurs or branches to tidewater, one in Stockton Springs and one in Sears- 
port. The length of the road is to be 60 miles, and the company is capitalized 
at $360,000. The directors are: Edward Stetson, B. B. Thatcher, F. H. Apple- 
ton, F. W. Cram and H. P. Oliver, of Bangor. 


ST. LOUIS, MO.—The Alton, Granite City & St. Louis Electric Railroad 
has been organized at Alton, with a capital of $100,000. The organizers are: 
J. F. Porter, W. E. Porter, H. S. Baker, H. E. Weeks and Levi Davis. 

KANSAS CITY, MO.—A franchise has been granted to the St. Joseph, 
Parkville & Kansas City Railway Company for an electric railway through this 
county from Harlem to the Platte County line. 

KANSAS CITY, MO.—The Kansas City & Olathe Electric Railway Company 
has awarded the contract for the construction of its power plant to the Union 
Construction Company, of Kansas City. The plant will be located at Lack- 
man, Kan. 

NEW YORK, N. Y.—The name of the Interurban Street Railway Company 
has been changed to New York City Railway Company. 

ADA, OHIO.—Thomas C. Childs, of Akron, has obtained a franchise in Ada 
for the line which will be built from Lima to Kenton. 


DAYTON, OHIO.—The Interstate Traction Company has applied for a 


franchise in Montgomery County for a proposed line from Dayton to Indian- 
apolis. we 

CLEVELAND, OHIO.—The Eastern Construction Company has closed a 
contract for building the line of the Warren, Courtland & Jefferson Traction 
Company. 

CANTON, OHIO.—The Canton-Akron Railway Company is in the market 
for a 600-hp boiler, six 12-bench open cars, six 18-ft. box cars with 67 motore 
and all other parts necessary to complete cars 
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NEW IN DUSTRIAL COMPANIES. 





THE H. O. S. ENGINEERING COMPANY has been incorporated in New 
York with a capital of $15,000. The directors are: J. A. Aitkin, W. H. 
Brearley and W. A. Thompson, of New York. 

THE JORDAN AUTOMATIC SIGNAL COMPANY of New York has been 
incorporated with a capital stock of $1,000,000. The directors are: W. H. Jor- 
dan, C. C. Jordan and J. F. Jordan, New York. 

RADIUM INCANDESCENT LIGHT COMPANY of New York, with a 
capital stock of $15,000, is of recent corporation. The directors are: J. Perk, 
Brooklyn; S. Wolfson and I. Wigdor, New York. 


THE UNITED ELECTRICAL MANUFACTURING COMPANY has been 
incorporated in New York with a capital stock of $1000. The directors are: 
E. F. Buchanan, A. O. Brown and L. G. Young, New York. 

THE PHYSICIANS’ ELECTRICAL MANUFACTURING COMPANY of 
New York has been incorporated with a capital stock of $10,000. The directors 
are: F. E. Hodgskin, G. A. Wingate and A. B. Reed, New York. 

THE GENERAL LIGHTING & HEATING COMPANY of New York has 
been incorporated with a capital stock of $20,000. The directors are: Stanley 
Francis, W. A. Smith and G. D. Moffatt, New York. 

THE WATSON-FLAGG ENGINEERING COMPANY of Paterson, N. J., 
has been incorporated with a capital stock of $125,000. The incorporators are: 
George H. Watson, John L. Flagg and Frank J. Huttin. 

THE MUNICIPAL ELECTRIC & CONSTRUCTION COMPANY has filed 
articles of incorporation with a capital stock of $50,000. The incorporators 
are: Charles G. Diemunch, William Gottlieb and Joseph Block. 

THE CHARLES Q. TYSON COMPANY, of Dayton, O., electrical con- 
tractor, has been incorporated with a capital of $10,000, by P. W. Tyson, C. 
O. Waxler, H. H. Wolloston, G. W. Chaffin and R. W. Baggott. 

THE WESTERN RAILWAY SIGNAL COMPANY has been incorporated 
at Camden, N. J.; capital, $60,000. Incorporators: John G. Bennett, Walter 
C. Beckworth, Philip Peter, Joseph H. Phillips and Josh B. Chapman. 

THE NEW YORK F. E. COMPANY has been incorporated to deal in elec- 
trical supplies. The capital stock is $1000, and the directors are: W. H. Mc- 
Clain and C. L. McFetrish, New York; Edward Butcher, Jr., Brooklyn. 

THE FALLER AUTOMATIC TELEPHONE EXCHANGE COMPANY of 
New York hgs been incorporated with a capital of $10,000. The directors are: 
J. W. Chisholm, E. A. Faller, New York; Clarkson Clothier, Philadelphia. 

THE WITHERBEE IGNITER COMPANY has been incorporated in Jersey 
City with a capital stock of $50,000. The incorporators are: Thomas S. Wither- 
bee, Albert E. Milliken, Mervyn A. Rice, Thomas Mullally. 

FAURE-PRICE ELECTRIC COMPANY has been incorporated in New York 
with a capital stock ef $25,000. The directors are: J. P. Faure, New York; 
E. A. Watson, Brooklyn, and E. H. Price, Rutherford, N. J. 

THE MONTEREY LIGHT & POWER COMPANY has been incorporated 
in Jersey City, N. J., with a capital of $50,000. The incorporators are: K. K. 
McLaren, Jersey City; Robert L. Hoguet and Robert H. Williams, New York 
City. 

THE LIEBER-FOYE AUTOMOBILE COMPANY, of St. Louis, Mo., has 
filed articles of incorporation with a capital stock of $4000, full paid. The 
incorporators are: William B. Foye, Otto Lieber, Miss Ida E. Foye and Paul 
V. James. 

THE POLYPHASE IGNITION SYSTEM COMPANY, of New York City, 
nas been incorporated to deal in electrical machinery. The capital stock is 
$50,000, and the directors are: R. L. Heitemeyer, Hoboken, N. J.; G. G. 
Schreiber and W. B. Symmes, New York. 

THE AUTOMOBILE TRANSIT COMPANY, of St. Louis, has filed articles 
of incorporation with a capital stock of $12,500, full paid. The incorporators 
are: O. P. Langan, A. G. Lewis, G. F. W. E. Eggert, L. B. Langan, C. H. 
Cuncker, A. D. Anderson and Myron Peers. 





LEGAL. 


THE CHICAGO MOTOR VEHICLE COMPANY has, according to press 
dispatches from Chicago, been placed in charge of a receiver by Judge Tuthill, 
of the Circuit Court. The action was taken on the application of two stock- 
holders who, it is stated, claimed that they would be defrauded if a proposed 
plan to divert the assets of the company were carried out. Mr. Edwin S. Day 
was appointed to take charge of the company’s affairs. 

INDEPENDENT TELEPHONY IN NEW YORK.—The Appellate Division 
of the New York Supreme Court handed down a decision affirming an order 
by Justice Clarke at Special Term denying a motion for a peremptory writ of 
mandamus asked for by the Independent Telephone Company, of New York, 
to compel Robert Grier Monroe, then Commissioner of Water Supply, Gas and 
Electricity, to issue a certan permit. The company had asked for a permit to 
lay and maintain telephone wires in the low-tension subway and have addi- 
tional subways of the kind constructed in various localities. Commissioner 
Monroe refused to grant the permit on the ground that he had been advised 
that the company had no franchise or right to construct and maintain such 
structures and fixtures as were asked for. The order denying the motion was 
affirmed by the Appellate Division, but without opinion. Justice Laughlin dis- 
sents. In a brief opinion he says: ‘The transportation corporation law, under 
which relator was incorporated, gives it a franchise, and it is, without obtaining 
any further franchise from the Municipal Assembly, in a position to apply to 
the respondent for a permit pursuant to the provisions of Section 528 of the 
Greater New York charter, which must be entertained and granted upon such 
reasonable terms, conditions and restrictions as may be imposed by the respon- 
dent, pursuant to any provisions of law applicable thereto.” 
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FESSENDEN LIQUID BARRETTER PATENT.—The National Electric 
Signalling Company has brought suit in the United States Circuit Court, South- 
ern District of New York, against the DeForest Wireless Telegraph Company, 
the American DeForest Company, Abraham White, president of said companies, 
and Lee DeForest, scientific director, for infringement of Reissue Letters Patent 
No. 12,115, of May 26, 1903, to Reginald A. Fessenden. This patent is for 
the well-known liquid barretter or receiver for wireless telegraphy, and de- 
scribes the liquid barretter as having resulted from the discovery that when a 
loop of the Fessenden solid barretter or hot wire receiver is broken while 
dipping in nitric acid it works even better than before. In this case the re- 
sistance change is a decrease instead of an increase, and it is localized in the 
minute layer of the liquid next to the wire, instead of in the wire. The patent 
mentions a platinum wire forty one-millionths of an inch in diameter dipping 
into dilute nitric acid or other conducting liquid. For six months this receiver 
has been used by the National Electric Signalling Company, transmitting 20 
regular messages a day each way over 80 miles of land between their stations 
at Jersey City and Collingswood, a suburb of Philadelphia. This has been ac- 
complished with transmitting apparatus using a quarter of a horse-power of 
electrical energy, and in recent tests this has been cut down to a tenth and 
even a fifteenth of a horse-power. Professor Fessenden claims to have patented 
this invention more than nine months ago, and it was fully described in the 
technical press in September, 1903. (See ELecrricaL Worip AND ENGINEER, 
New York, September 19, 1903, page 272.) 





OBITUARY. 


MR. S. B. FAIRCHILDS.—Mr. Sidney B. Fairchilds, one of the oldest 
telegraphers in the United States, and father-in-law of Frederick MacMonnies, 
the sculptor, died at St. Louis on February 27, aged 72. Mr. Fairchilds had 
been employed by the Western Union Telegraph Company in that city for 39 
years, and for many years had been night wire chief. In point of age and 
service he was the oldest member of the telegraphers’ association known as ‘The 
Old-Timers.”” 


MR. W. G. McMILLAN.—We regret deeply to note the death from pleurisy 
of Mr. Walter George McMillan, the secretary of the Institution of Electrical 
Engineers of England, an office he had held with great acceptance since 1897. 
He was educated at King’s College, London, where he also taught metallurgy, 
in which he lectured later at Mason College, Birmingham. He served also as 
a Government chemist and metallurgist, and at the time of his death was an 
examiner in metallurgy for the City & Guilds of London Institute. He was 
only 43 years of age. He has left a widow and two young sons, and the 
Council of the Institution has now started a memorial fund, which will be in- 
vested for the benefit of his widow and for the education of these fatherless 
boys. American visitors will recall Mr. McMillan’s quiet and unremitting 
efforts in 1900, to promote their welfare and comfort during the foreign trip 
of the Institute. 








EDUCATIONAL. 


LYNN GENERAL ELECTRIC ENGINEERING SOCIETY, of Lynn, Mass., 
is carrying out a splendid programme of papers and visits this winter, with 
meetings about once a month regularly, and other specialties interspersed. Dr. 
F. A. C. Perrine has just lectured on “Electricity from the Waterfall,” and 
Prof. H. E. Clifford is down for a special course on alternating-current theory. 
The Society, which is thus doing excellent work, is composed principally of the 
engineers of the General Electric Lynn Works, together with students from the 
testing department. 


COLUMBIA RADIUM EXHIBIT.—Because of the importance and interest 
attaching to the recent discovery of radium, Columbia University is planning 
a special exhibit at the St. Louis Exposiion. Mr. F. A. Goetz, superintendent 
of the university buildings and grounds, will have charge of the enterprise, 
which will also include an exhibition of the Mineralogical Department. This 
will show various phases of producing radium. Dr. Tucker, of the Chemical 
Department, will have charge of the chemical side, and Professor Hallock will 
superintend the physical, including the methods and the illustrations of radio 
activity. The Pathological Department of the College of Physicians and Sur- 
geons will give illustrations showing its usefulness in medicines. 





PERSONAL. 


MR. W. B. PARSONS, M.E., 
appointed by President Roosevelt a member of the Panama Canal Commission. 

MR. R. H. COKER, formerly of Washington, D. C., has been appointed 
agent of the Colorado Telephone Company at Longmont, Col., succeeding Mr. 
Cc. F. Bartell. : 

MR. H. F. GREENWOOD, chief engineer and special manager of the Ha- 
vana Electric Company, is now in New York. He may be found at the local 
offices of the company, 52 Broadway. 

MR. M. E. CURWEN, European representative of the J. G. Brill Company, 


engineer of the New York Subway, has been 


of Philadelphia, whose headquarters are in London, has sailed for the other 
side, after a short visit to this country. 
DR. MARGARET A. CLEAVES has issued in pamphlet form her article on 


the physiological action of light and the physical factors in phototheraphy printed 
recently in the Journal of Advanced Therapeutics. 

MR. J. C. BOYNTON has been appointed manager of the Toll Department 
of the Colorado Telephone Company, with headquarters in Denver. He was 
previously traffic manager of the Pittsburg Telephone & Printing Company. 

MR. HARRY ALEXANDER, of New York City, has opened an office in 
Boston at 120 Tremont Street, to conduct an electrical contracting business. 
He is now engineering the electrical work on the new Siegel Building in Boston. 
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MR. F. J. ALVIN, of the American Electrical Novelty & Manufacturing 
Company, 308-322 Hudson Street, New York City, has been elected president 
of the recently formed Foreign Trade Association of America, 66 Broad Street, 
New York City. 

MR. GEORGE BULLOCK, president of the Bullock Electric Manufacturing 
Company, of Cincinnati, Ohio, who has recently been somewhat seriously in- 
disposed, returned this week from Bermuda, where he has been recuperating 
for a few weeks. 

MR. HENRY SHAFER, president of the International Telephone Manufac- 
turing Company, of Chicago, has been making an extended trip through the 
Northwest in connection with the growing work of the company in that large 
and important section. 

MR. J. R. LOVEJOY, the head of the electric lighting department, etc., of 
the General Electric Company at Schenectady, has found it necessary to ‘drop 
business for a brief rest and has been visiting Hot Springs, Va. His vacation, 
however, will not be a very long one. 

MR. W. A. BRACKENRIDGE, C.E., of the Niagara Falls Power Company, 
has been appointed by Governor Odell, of New York State, a member of the 
special advisory commission of five expert engineers who will supervise the 
construction of the $100,000,000 barge canal. 

MR. O. M. C. HEYL will have charge of a new electrical department to be 
inaugurated by Paul Bergner & Company, Mexico City, in order to cater to the 
increasing demand for electrical appliances and supplies which has lately sprung 
up throughout the southern republic. 

MESSRS. H. HOBART PORTER, JR., and FRANCIS BLOSSOM, of San- 
derson & Porter, New York, have returned from a trip to New Orleans, where 
they recently went in connection with the proposed power house extension of 
the New Orleans Railways Company. 

MR. THOMAS A. EDISON went South last week and has taken up resi- 
dence on his plantation near Fort Myers, Fla. He has telegraphed his friends 
that the orange and lemon trees are in full bloom, which is taken as an intima- 
tion that he proposes to drop work for a brief spell. 

BELLMAN & SANFORD, New York City, have been appointed engineers 
by the American Exchange National Bank to prepare plans and specifications 
for a lighting plant, to be installed in their 16-story bank and office building, 
corner of Broadway and Cedar Street, New York City. 


MR. JAMES I. BUCHANAN, who returned recently from Panama, where 
he went on a special mission for the United States Government, has sailed for 
Europe to assume his new position as deputy chairman and managing director 
of the British Westinghouse Electric & Manufacturing Company, Limited. 

MESSRS. T. AHEARN and W. Y. SOPER are the subjects of portraiture 
and of biographical sketches in connection with an article in the Ottawa Evening 
Journal on the Ottawa, Can., street railway system, which they have built up, 
in addition to doing a lot of other creditable electrical work all over the Do- 
minion. 

MR. FRANK KLEPETO, consulting engineer, New York, has sailed for 
Peru in reference to the construction of the huge smelting works, etc., of the 
Cerro de Pasco Mining Company, in which enterprise J. B. Haggin is the 
moving spirit. Considerable electrical equipment will be purchased within the 
next few weeks. 

MR. CLEMENS HERSCHEL, formerly hydraulic engineer of the Holyoke, 
Mass., Water Power Company, also consulting hydraulic engineer from time 
to time during the past score of years of several Niagara water power com- 
panies, will have charge of the new water turbine and other hydraulic ma- 
chinery department of the Allis-Chalmers Company. 

MR. ABNER DOBLE, of Abner Doble Company, San Francisco, the pioneer 
railroad engineer, etc., on the Pacific Coast, has had the misfortune to lose his 
wife, who accompanied him to the State in 1851. Mrs. Margaret Doble was 
73 years old, and leaves four adult children. She and her husband had as 
Argonauts seen all the wonderful growth of California. 


MR. H. D. SCRIBNER, who has been prominently connected with the 
Westinghouse Electric & Manufacturing Company’s Pacific Coast agencies for 
a number of years, has left San Francisco and opened an office of the Canadian 
Westinghouse Company in Vancouver, B. C. Mr. Scribner has done much of 
the early and recent electric railroad building on the Pacific Coast. 


MR. E. RATHENAU, as already noted in these columns, has, been decorated 
with others by the Emperor of Germany in connection with the Zossen high- 
speed electric railway work. This honor has given great pleasure to his host 
of friends and admirers in America. We understand that the decoration con- 
ferred is that of the Order of the Red Eagle, with the clasp. 

MR. ERNEST F. LEARNED, formerly with Stone & Webster, of Boston, 
has arrived in Denver on an extensive vacation tour of the United States. 
Mr. Learned plans to visit California and Washington before returning east, 
and he accompanied Mr. C. F. Wallace, of the Stone & Webster management, 
as far as Chicago, Mr. Wallace going through to Seattle. 

MR. S. G. McMEEN, of Chicago, IIl., is in the City of Mexico making pre- 
liminary arrangements for the extensions and improvements of the telephone 
system of the Mexican Telephone Company. This company recently obtained a 
renewal of its concession from the Mexican Government for a period of 30 
years, and under the terms that it was granted certain stipulated improvements 
are required to be made. 

MR. JAMES A. CUMMINGS, who secured the contract for the supplying 
and laying of the conduits for the new municipal telephone and telegraph lines 
now under construction in St. Petersburg, Russia, has sailed for Europe after 
The conduit is being manufactured at the 
Vitrified Conduit Company, 


several weeks’ visit on this side. 
Raritan River, N. J., plants of the 
Broadway-Maiden Lane Building, New York. 

MR. J. L. PUTNAM, who for some years has been general manager of the 
Clark Automatic Telephone Switchboard Company, of Providence, R. I., and 
whose personal efforts have resulted in the installation of this system all over 
the country, has resigned his position to accept one with the Central Union 
Telephone Company, at Indianapolis, Ind. Mr. Putnam goes to his new work 
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with the best wishes of all his friends, of whom he has a goodly number ali 
over the country. 

MR. W. J. HAMMER is out in Colorado and is understood to be making 
radioactive tests on pitchblende there. Dispatches from Denver speak of his 
handling pitchblende from Gilpin County, Colorado, where hundreds of tons 
are in sight at this moment, of high testing quality. Mr. Hammer delivered a 
lecture on February 26 in Denver, before the Colorado Scientific Society. His 
subject was ‘‘Radium.’’ The lecture was given at the Central Presbyterian 
Church. 

MR. ARTHUR WARREN contributes to the New York Times of February 
28 a most charming and entertaining article on the ‘publicity’ methods by 
which a great modern industry can be built up. While no names are given, 
it is of course an open secret that the Westinghouse interests are those dealt 
with in this instructive sketch. A number of excellent points are made, and 
none the less for being presented in admirable literary form. Mr. Warren’s 
story deals with achievement on both sides of the Atlantic. Until quite re- 
cently, Mr. Warren had charge of the Westinghouse Publicity Bureau, but re- 
signed to take up other important work. 


MR. OSCAR T. CROSBY, the well-known electrical engineer, who pene- 
trated recently to the interior of Thibet, has just returned home to this coun- 
try. While in England he lectured by invitation before the Royal Geographicat 
Society on his interesting journey. Since his return here, a number of his 
friends in the American Institute of Electrical Engineers and the New York 
Electrical Society have united in a formal request to him to give them an 
evening in New York, when they can listen to the tale of his adventures in 
that mysterious central region of Asia. It is understood that Mr. Crosby will 
gratify this wish at an early date. 


MR. I. A. BENNETT, general sales manager for the Electric Appliance 
Company, Chicago, has resigned his post to take effect March 1, and will open 
the Chicago offices of the Phelps Company, of Detroit, Mich., manufacturers of 
the Hylo turn-down lamps and other specialties. Mr. Bennett was with this 
company for about 11 years, having previously been connected with the An- 
sonia Electric Company. Mr. Bennett has also accepted the presidency of the 
Central Station Publishing Company, which is being formed for the promotion 
of central station advertising. His new offices will be located in the Monadnock 
Building, Rooms 529 and 530. 


MR. W. H. COVERDALE.—W. H. Coverdale & Company have recently 
been incorporated to do a general engineering and contracting business, with 
offices at 66 Broadway, New York. Their organization includes engineers of 
experience in all matters relating to the design and construction of steam and 
electric railroads, lighting and power plants, coal and ore handling machinery, 
etc. Mr. Coverdale was for many years in the engineering department of the 
Pennsylvania Lines West of Pittsburg, and was track elevation engineer of that 
company in Chicago during 1898-99. He was also prominently identified with 
the construction of the Westinghouse shops at East Pittsburg, and for the last 
three years has been civil engineer for a New York firm of engineers and con- 
tractors. Mr. Charles F. Keene is the secretary of the company. 


MR. HENRY C. PAYNE.—Postmaster-General Henry C. Payne denies the 
imputation of the Wisconsin Independent Telephone Association that he has 
discriminated against the independent companies in favor of the Bell Company. 
In a letter to E. A. Wadhams, who is a trustee of the Standard Telephone 
Company, of Madison, Mr. Payne states that a large number of Bell telephones 
have been displaced from postoffices by the order, as well as independent tele- 
phones. ‘‘Each case is taken up on the merits as presented,” he said. ‘You 
can readily see that long-distance service is a factor, and I think that I am 
justified in assuming that double service paid for by the Government is un- 
necessary and the expenditure not justified. Double service in all the post- 
offices in the United States would cost the Government an enormous amount of 
money, which I think would not be good business administration.” 


MR. A. H. VAN CLEVE.—The official anouncement of the appointment of 
Mr. A. Howell Van Cleve to be resident engineer of the Niagara Falls Power 
Company and its allied companies has been made by Vice-President Rankine. 
Mr. Van Cleve will succeed Mr. William A. Brackenridge, who has resigned te 
accept the appointment as a member of the Advisory Canal Board, recently 
tendered him by Governor Odell. Mr. Van Cleve has been connected with the 
engineer corps of the Niagara Falls Power Company continuously since April, 
1892, and at the time of his appointment as resident engineer to succeed Mr. 
Brackenridge he held the position of assistant engineer. He is a graduate of 
Lehigh University, a member of the class of 1890, with the degree of C.E. Be- 
fore his connection with the Niagara Falls Power Company he had served on 
the engineer corps of the Lehigh Valley and the Brooklyn Elevated railroads. 
He is a member of the Board of Public Works of Niagara Falls. 


DIRECTOR OI.—The following item from the Pittsburg Dispatch deals 
with a man well known and admired in this country, and throws light on the 
progressive methods by which the Japanese have brought themselves abreast of 
the civilization of Europe and America: ‘‘Away back in the early ’80s,’’ said a 
well-known electrician of this city, “there came to me with a letter of introduc- 
tion from the president of the company, a young Jap, and the note directed me 
that he be given every opportunity to work in all the departments of the fac- 
tory, so that he might be proficient in every branch. He was apt, willing, always 
wore a grin and remained at the place about two years. The boy had been 
working as a lineman before he appeared at the factory. His name was Oi. 
He went back to Japan, and only at Christmas time, by a present, was the 
electrical engineer reminded of him. Many years later the engineer was waited 
upon by three Japanese who wanted to know all about the very latest devices 
for telephones and telegraphs. They were electrical engineers and had been 
taught all they know at the Imperial University in Tokio by a Prof. Oi, from 
whom they carried a letter of introduction to the engineer. They were Im- 
perial Commissioners, and the engineer took them all over this country ex- 
plaining things. The brightest of the three was called Wadachi and the others 
were Nakayama and Okonoto. They told their mentor that Oi was now Min- 
ister of Posts and Telegraphs in Japan, and this important position he now 
holds during war times.””’ The many friends of Prof. Oi in this country know 
he will not be found wanting in emergencies. 
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Trade Hotes. 


THE MAINTENANCE COMPANY, of New York City, has removed its 
general offices to 54 and 56 Franklin Street. 





THE J. B. MCKEAGUE COMPANY, which is the Chicago representative 
ef the Empire Electrical Instrument Company and F. A. La Roche Company, 
has recently changed its address to 324 Dearborn Street, Chicago, III. 


PRATT & VAN WINKLE, the consulting engineers, of 160 Fifth Avenue, 
New York City, have issued a neat bulletin as to the merits and special ad- 
vantages of the Pratt elevator safety for which they are agents. It is illustrated 
in detail. 


THE ELECTRIC APPLIANCE COMPANY, Chicago, has just issued a 
folder picturing and describing the Greenwood safety wire guard for which it 
is selling agent. It claims that this guard has many features of value to any 
electric light man and contractor. 


EMPIRE INSULATING CLOTHS AND PAPERS.—The Mica Insulator 
Company, 218 Water Street, New York, has issued a booklet containing sam- 
ples of its varied line of Empire insulating cloths and papers. Each sample 
is accompanied by data relating thereto. 


ROTARY PLANERS.—An excellent catalogue has been issued by the New- 
ton Machine Tool Works, Philadelphia, on their rotary planers. These rotary 
planing machines are built in 11 sizes with heads from 14 inches to 84 inches 
in diameter over tools. They are built either fixed, portable or on a round 
base, and either belt or motor driven. Some excellent half tones show the 
eonstruction of these machines. 


H. T. PAISTE COMPANY, Philadelphia, Pa., has issued a neat circular 
with a view of the Government Printing Office, Washington, D. C., recently 
described in these pages, and calls attention to the fact that it supplied for that 
plant no fewer than 16,000 P. K. sockets and 10,000 P. K. fusible ceiling 
rosettes. These were essentially of the type needed for such a building sub- 
ject to great vibration on account of the heavy printing press machinery, 
binders, etc. 


THE CENTRAL TELEPHONE AND ELECTRIC COMPANY, 909 Market 
St., St. Louis, Mo., has issued its World’s Fair art catalogue, No. 18, of tele- 
phone instruments and switchboards. The various styles of instruments manu- 
factured by this company are clearly illustrated and their special features 
briefly described. On the right hand pages are shown views of the different 
principal buildings of the World’s Fair. There are also shown some examples 
of the statuary used in the adornment of these structures. 


THE EMERSON ELECTRIC MANUFACTURING COMPANY, St. Louis, 
Mo., in a recent bulletin, shows in illustration of and describes an electrically 
operated single-spindle slate drill press. The power of this machine is sup- 
plied by an Emerson direct-current %-hp motor, and is applied directly to the 
spindle. Another bulletin issued by the company gives the company’s terms 
of sale and telegraph code. The code is very concise and comprehensive, and 
the idea of putting it in a separate bulletin is a good one. 


THE MANHATTAN ELECTRICAL SUPPLY COMPANY, 32 Cortlandt 
St., New York, in its catalogue No. 16, just issued, shows a very extensive and 
varied line of electrical apparatus. About everything excepting dynamos is 
embraced in the list, which includes a very complete line of telegraph, telephone, 
electric light and construction supplies and novelties. Fan motors of different 
standard makes are also given due prominence. The catalogue is very compre- 
hensive in scope, and it is surprising how much can be concentrated in 80 
pages. It is very completely illustrated, and gives the prices of the multitude 
of articles described. 


INDUSTRIAL RAILWAY CATALOGUE.—The C. W. Hunt Engineering 
Company, of West New Brighton, Staten Island. has just issued a very hand- 
some new catalogue, to which it feels warranted in calling special attention as 
the most complete work of the kind that has been published. In addition to 
the large number of illustrations, showing the many and varied types of cars, 
standard and special, which the concern builds, the catalogue also contains 
much valuable information relating to the ‘“‘Industrial’”’ railway not to be found 
elsewhere, particularly of interest to engineers and architects. It will be of 
much use also to-intending purchasers. 


“MODERN METHODS” is the appropriate title of a very attractive and 
interesting pamphlet just issued by the North Electric Company, of Cleveland, 
O., as its Bulletin No. B-22. It contains 48 pages of text and illustrations and 
discusses on broad lines telephone policy, equipment, apparatus, management, 
etc. The admirable apparatus of the North Company is brought out in great 
detail, and the cuts must be highly commended for their wonderful clearness. 
The views of the complete switchboards are also excellent to a degree far be- 
yond the ordinary. The handsome cover in colors shows a rural telephone 
line, and the interior of a busy exchange. 


Colum- 


JEFFREY MACHINERY.—tThe Jeffrey Manufacturing Company, 
bus, O., has recently issued Catalogue No. 57a which will be of interest to 
certain lines of electrical manufacturing. It is on the subject of machinery 
for the saw-mill, lumber and wood-working industries. It gives a general idea 
of the company’s elevating and conveying machinery, which can be adapted to 
almost every known industry. The catalogue is profusely illustrated with 
views of actual installations and of the apparatus and parts thereof. It con- 
tains 144 pages, which give a vast amount of information on the subject in 
general and specifically. The catalogue is gotten up in the company’s usual 
first-class style, both as to arrangement and completeness. 
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UNIVERSAL ELECTRICAL DIRECTORY.—This valuable directory for 
1904, issued by H. Alabaster, Gatehouse & Co., 4 Ludgate Hill, London, is a 
remarkable compilation, as usual. It contains the mames and addresses of 
members of the electrical and allied trades and professions throughout the 
world, and is the oldest and largest electrical directory. It is divided into four 
sections, i.e., British, with 11,560 names; Continental, with 9420 names; U. 
S. A., with 7500 names; Colonial, with 3610 names, making a total of 32,090. 
Each of these sections are again divided into alphabetical and classified sections, 
and in the case of the British a geographical section is also given. The entire 
book is carefully revised each year, and the financial information and central 
station particulars are brought up to date as far as possible. 


THE FORT WAYNE ELECTRIC WORKS, Fort Wayne, Ind., have re- 
cently sent out a batch of trade literature. Bulletin No. 1051 contains a list 
of plants operating single-phase ‘‘Wood” alternators in the United States on 
Dec. 1, 1903. Bulletin No. 1052 is devoted to a description and illustrations of 
the multiple alternating current street arc lighting system. This is a very com- 
plete description of the system and is well illustrated with half-tone views of 
the apparatus and diagrams and curves showing connections and efficiencies. 
The Fort Wayne Works have also issued instruction books regarding their en- 
closed alternating current arc lamps of the multiple type and enclosed alternat- 
ing current multiple system arc lamps of the special transformer type. 


THE IMPROVED CINCINNATI AIR COMPRESSOR.—Bulletin L-508 of 
the Laidaw-Dunn-Gordon Company, of New York, bearing the foregoing title, 
is devoted to a new type of air compressor, the distinguishing feature of which 
is the novel manner in which the opening and closing of the exhaust ports are 
controlled. The exhaust opens through poppet valves, which is desirable, espe- 
cially where the pressure pumped against is variable. The closing of the ex- 
haust is determined by Corliss valves located in the passages between the cylin- 
der and the poppet valves. These prevent all leakage of air back through the 
poppet valves while they are closing and also, by providing a cushion of air 
under full pressure, allow them to seat easily and without noise. The opening 
and closing of the admission are determined by the Corliss valves entirely. 


THE TRIUMPH ELECTRIC COMPANY, Cincinnati, has issued a catalogue 
which—without indulging in a pun—can be designated as a triumph of the 
engravers’ and printers’ art. Moreover, the beauty of the production is en- 
hanced by a lack of the striving for effect that often nullifies the object in 
view, the main factor in the success achieved being a well-balanced combination 
of excellent engraving and printing, well selected type and fine quality of 
paper. The few ornamental embellishments are properly subordinated, consist- 
ing of initial cuts, front and tail pieces. The catalogue describes and illus- 
trates in detail the line of Triumph electrical machinery, and its application to 
various uses, direct-connected machine tools occupying considerable space. The 
half-tone engraving has most successfully stood the severe test entailed in 
representing this particular class of illustration. 


POWER STATION SPECIALTIES.—This pamphlet describes power house 
auxiliary machinery for vacuum making and boiler feeding recently developed 
by the Geo. F. Blake Manufacturing Company, 114 Liberty St., New York City. 
The lists include rotary dry vacuum pumps, vertical cross-compound simplex 
boiler feed pumps, Admiralty type surface condensers with combined air and 
circulating pumps, vertical twin air pumps, comined pot-valve outside-packed- 
plunger duplex feed pumps and centrifugal pumps for circulating condenser 
water. This apparatus has been designed to meet the exact requirements of 
steam turbine and reciprocating engine units of 5000 to 10,000 hp capacity, using 
steam of 200 to 300 lbs. pressure per square inch. For the highest efficiency of 
each equipment, the vacuum must be as close to the barometer as mechanical 
means can produce, and it is to secure this end that the machines described in 
this pamphlet have been designed. The publication is numbered B-62, and will 
be sent upon request to those interested. 


THE ELECTRICAL TESTING LABORATORIES, formerly known as Lamp 
Testing Bureau, have taken possession of their new quarters at 546 East 8oth 
Street, New York City, and are now prepared to undertake many kinds of 
electrical and photometrical tests. All of the apparatus formerly installed at 
4 Jay Street has been set up in the new laboratories, as also several new in 
struments which add much to their facilities. The equipment of these labora- 
tories is most liberal and thoroughly up to date, while the technical staff con- 
sists of trained specialists and expert assistants. Tests made by the Electrical 
Testing Laboratories may be relied upon as being highly accurate and altogether 
satisfactory as to methods and thoroughness. All tests are treated with the 
strictest confidence, the data and reports being considered the property of the 
customer for whom the test is made, and are not available for the use of others. 
Tests are carried out with absolute impartiality, without favor to any one, and 
with the single object of accurately determining facts as they exist for the in- 
formation of him who pays for the work. 


IMPERIAL CROWN LAMPS.—The Bryan-Marsh Company has furnished 
us with advanced data as to its Impreial Crown lamp. This lamp consists essen- 
tially of the same component parts as the incandescent lamp. It is provided 
with an aluminum reflector fitting on the top of the bulb that increases the 
effective illumination and equalizes the distribution of light. It is designed 
expressly to meet the demand for a larger unit of illumination than afforded 
by the incandescent lamp where an arc lamp is inconvenient or unsatisfactory. 
The efficiency of the illumination of the Imperial Crown lamp is, it is claimed, 
greater than that secured from any other source. The light is uniform, steady, 
soft and perfectly diffused. The Imperial Crown lamp is suitable for use in 
connection with the most elaborate scheme of interior decoration. Its artistic 
outline lends grace and harmony to its surroundings. It is also suitable for 


concealed illumination and may be built into the walls or ceilings to conceal its 
outline without affecting its illuminating power. 
unnoticed except for its light. 
sizes with suitable fixtures. 


When thus concealed, it is 
The Imperial Crown lamp is furnished in two 


















UNITED STATES PATENTS ISSUED FEBRUARY 23, 1904. 
,Conducted by Wm. A. Rosenbaum, Patent Attorney, ‘140 Nassau St., N. Y.] 


752,589. ELECTROMAGNETIC REVERSING DEVICE; John Riddell, 
Schenectady, N. Y. App. filed May 28, 1900. Two oppositely rotating 
magnets for driving a planer, an armature located between them and a 
switch for throwing the circuit from one to the other at the end of each 
traverse of the table. 


752,643. ELECTRIC PUMP FOR SWITCHING MECHANISMS; Walter J. 
Bell, Los Angeles, Cal. App. filed July 31, 1903. A solenoid magnet and 
an automatic circuit controller controlling the flow of oil to the cylinder of 
a motor whici moves a railway switch. 
















752,649. TELEPHONE ATTACHMENT; George Briggs Buchanan, Haver- 
: straw, N. Y. App. filed Sept. 15, 1902. (See page 476.) 
752,659, SAFETY AND SIGNALING DEVICE FOR HOISTING MECH- 






ANISM; William N. Dickinson, Jr., Chicago, Ill. App. filed Jan. 4, 1902. 
A platform switch located at each landing of a dumb waiter, to prevent the 
car _ being moved from any landing at which it is being loaded or un- 
loaded. 

752,689. ELECTRICALLY PROPELLED VEHICLE; Louis Krieger, Cour- 
bevoie, France. App. filed Feb. 26, 1903. A motor vehicle carrying a 
gas engine, a dynamo and an electric motor, the dynamo having shunt and 
series field coils wound in opposition, the series coil being wound to de- 
crease the field excitation as the current increases. It is stated that as the 
intensity of the current depends upon the effort of traction, if this in- 
creases in consequence of an incline of the road, the difference of potential 
at the terminals of the dynamo at the same time decreases and the vehicle 
slows down automatically. 

752,690. METHOD OF PRODUCING SPARKS IN _THE CYLINDERS OF 
INTERNAL COMBUSTION ENGINES; Leon J. Le Pontois, New Ro- 
chelle, N. Y. App. filed Aug. 22, 1903. The method consists in simul- 
taneously breaking two or more alternating currents, differing in phase 
from each other, thereby insuring a constant heat value of the spark at 
any given time. 

752,691. INDUCTION ALTERNATOR; Leon J. Le Pontois, New Rochelle, 
N. Y. App. filed Aug. 22, 1903. A design for an alternator whereby suf- 
ficient current is produced at low speed to furnish a spark for starting an 
explosive engine, while at the higher speeds the armature reaction tends 
to maintain the current constant, notwithstanding speed variations. 

752,692. POLYPHASE MAGNETO ALTERNATOR; Leon J. Le Pontois, New 
Rochelle, N. Y. App. filed Nov. 7, 1903. Details of construction of a 
generator designed to deliver two or more alternating current differing in 
phase from each’ other, such currents being employed for the purpose set 
forth in patent 752,690. 











































752,696. ELECTRIC CORD ADJUSTER; Jonathan E. Masterson, Spokane, 
—— App. filed May 23, 1903. A spring drum adapted to take up the 
slack. 

752,705. AUDIPHONE RECEIVER; Hermann G. Pape, Brooklyn, N. Y. App. 
filed Oct. 21, 1902. (See page 476.) 

752,710. MEANS FOR SYNCHRONIZING THE INSTRUMENTS OF 


TELEPHONE SYSTEMS; Hope Redmon, Rufust L. Hall and Robert H. 
Conway, Cynthiana, Ky. App. filed Sept. 17, 1903. (See page 476.) 
752,719. AUTOMATIC SIGNALING SYSTEM FOR ELECTRIC RAIL- 
WAYS; Harry B. Snell, Cement City, Mich. App. filed July 17, 1903. A 
dial plate and index is located at each end of a block and operated to show 
motormen the number of cars in a block. 

752,722. SWITCHBOARD; Alfred Stromberg, Chicago, III. 
13, 1902. (See page 476.) 
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752,.589.—Electromagnetic Revérsing Device. 

752,761. MULTIPLE-SWITCHBOARD SYSTEM; William M. Davis, Chi- 
cago, Ill. App. filed Dec. 7, 1900. (See page 476.) 

752,812. ELECTRIC BLOCK SYSTEM; Charles W. S. Turner, Mountville, 
Va. App. filed April 3, 1903. Details of a system in which cars on the 





: same block are able to communicate with each other. 

752,820. DYNAMO-BRUSH; Max Bunnig, Gardelegen, Germany. App. filed 
Oct. 5, 1903. (See page 476.) 

752,822. ALARM SIGNAL FOR RAILWAY TRAINS; Hugh E. Butler and 
Joab L. McCollum, Atlanta, Ga. App. filed Nov. 12, 1903. A cord ex- 
tending through a train and connected with an alarm apparatus on the 
last car of the train which is set into operation by the breaking of the cord 
when the train separates. 

752,824. ELECTRIC RAILWAY SWITCH; Harry H. Chandler, Waltham, 
Mass. App. filed Oct. 24, 1903. Details of a magnet for throwing a switch 
tongue. 

752,833. ATTACHMENT PLUG; Philip H. Fielding, New York, N. Y. App. 

filed June 27, 1903. The connections with the flexible cord are made on a 

plug which passes into a central chamber in the attachment plug itself, 

thereby covering all of the contact screws but affording ready access thereto. 
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752,834. ELECTRICAL RECEPTACLE; Phiiip H. Fielding, New York, N. Y. 
App. filed June 27, 1903. <A receptacle adapted for application to the sur- 
face of a tubular wiring conduit, it having a projection carrying the bind- 
ing screws which enters an orifice made through the wall of the conduit 
enabling the wires therein to be attached without cutting and without ex. 
posed contacts. 

752,839. SYSTEM OF ELECTRIC TRAIN LIGHTING; David C. Henr 
Denver, Col. App. filed Sept. 23, 1901. A distribution system comprising 
a generator, a regulator consisting of two differentially-acting motors, a 
gear system and a variable resistance operated by the gear system and an 
automatic switch for including the motors in, or excluding them from, the 
circuit at predetermined voltages. F 

752,840. FLEXIBLE CONDUCTING-CORD; Howard B. Holmes, Evanston, 
Ill. App. filed Jan. 27, 1902. (See page 476.) 

752,843. SIGNALING APPARATUS; Robert B. Kernohan, Pittsburg, Pa. 
App. filed May 23, 1903. A steam whistle is blown when the circuit is 
closed through a solenoid magnet. 

752,844. MEANS FOR PROVIDING ZINC IN_ RADIATORS; William Ray- 
mond Kinnear, New York, N. Y. App. filed Sept. 8, 1903. (See page 476.) 


752,865. ELECTRIC ARC LAMP; Carl Schuster and Christian N. B ‘ 
Pittsburg, Pa. App. filed March 20, 1902. Details. a Poeren 

752,804. SELECTIVE SIGNALING; Reginald A. Fessenden, Fort Monroe 
Va. App. filed Dec. 29, 1902. (See urrent News and Notes.) 





752,923.—Electric Telegraph System. 


Reginald A. 


752,895. SIGNALING BY ELECTROMAGNETIC WAVES; 
esse (See Current News 


nden, Pittsburg, Pa. App. filed March 14, 1903. 
and Notes.) 


752,909. TELEPHONE SIGNALING MECHANISM; Oscar Olsen Lee, Chi- 
cago, Ill. App. filed Jan. 11, 1900. (See page 476.) 
752,921. AUDIPHONE-RECEIVER; Hermann G. Pape, Brooklyn, N. Y. App. 


filed Sept. 13, 1902. (See page 476.) 

752,923. ELECTRIC TELEGRAPH SYSTEM; Charles Adams-Randall, New 
York, N. Y. App. filed Sept. 6, 1902. A single circuit line including trans- 
mitters and receivers and a source of energy, the circuit being open or me- 
chanically ungrounded at one end and grounded at the other end. 

752,942. END-CELL SWITCH; John W. Achard, Philadelphia, Pa. 
filed May 17, 1902. 

753,027. OSCILLATING ELECTRIC FAN; Jacob Amrom, New York, N. Y. 
App. filed June 27, 1903. The fan-carrying arms are oscillated in one direc- 
tion by an electro-magnet and in the other by a spring, the invention con- 
sisting of the details of construction. 

753,035. COMBINED PERCUSSION AND ELECTRIC PRIMER; Thomas 
G. Bennett and William Mason, New Haven, Conn. App. filed Nov. 23, 
1903. The object is to produce a strong, reliable and sensitive primer con- 
structed with particular reference to preventing the rearward escape of gas 
through leakage or piercing. 

753,062. MICROPHONE; Pierre Germain, Fontenay Aux Roses, France. 
filed Oct. 7, 1899. (See page 476.) 

753,067. TELEPHONE OR TELEGRAPH SYSTEM; Robert Hamilton, Mil- 
ton, Mass. App. filed Feb. 10, 1903. (See page 476.) 
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Attachment Plug. 
App. filed July 


Polyphase Magneto Alternator. 


752,833. 


753,136. ALARM SYSTEM; John W. Hasburg, Chicago, III. 
23, 1903. Details. 

753,138. PORTABLE ELECTRIC LAMP; Harry C. Hubbell, Brooklyn, N. Y. 
App. filed July 2, 1903. 

753.1577 RAILWAY BLOCK SYSTEM; Joseph Morton, New Westminster, 
Canada. App. filed Oct. 19, 1903. A signal man throws a projection at the 
track side into position to be struck by a corresponding projection on the 
train, to thereby operate an alarm on the train. 

753,183. TELEPHONE SELECTING DEVICE; Willam D, Watkins, San Jose, 
Cal. App. filed Aug. 29, 1902. (See page 476.) 


753,191. ELECTRIC METER; Thomas Duncan, Chicago, Ill. App. filed July 
11, 1901. (See Current News and Notes.) 

753,192. ELECTRIC METER; Thomas Duncan, Chicago, Ill. App. filed July 
18, 1901. (See Current News and Notes.) 

753,193. ELECTRIC METER; Thomas Duncan, Lafayette, Ind. App. filed 
Oct. 23, 1903. (See Current News and Notes.) 

753,194. ELECTRIC METER; Thomas Duncan, Lafayette, Ind. App. filed 
Jan. 2, 1904. (See Current News and Notes.) 
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POSITIONS WANTED. 


The rate for “Position Wanted” adver- 
tisements of forty words or less is one dol- 
lar an insertion; additional words two cents 
each, payable in advance. Remittance and 
copy should reach this office not later than 
Tuesday morning for the next succeeding 





POSITION WANTED.—After March 31 
as chief engineer at a salary of $100 a 
month, in a central electric light or power 
plant, by a young man 2g years old, height 
6 feet, weight 180 pounds; understands 
running and repairing slow and high-speed, 
condensing and non-condensing steam en- 
%, gas engines, ice-making machinery, 
and alternating-current dynamos; 
never uses tobacco or intoxicating bever- 
ages; not afraid of long hours, hard work 
nor to climb high poles, and would as soon 
work aignte as days; is now and has been 
since March 31, 1903, chief engineer and 
electrician in a central electric light plant 
in a villa with a population of 5,000 
yearly inhabitants; can furnish best of ref- 
erences from every company he has worked 
for. Address No. 1327, care Electrical 
World and Engineer, New York. 


POSITION WANTED.—By an electrical 

_engineer with some ‘electric manufac- 
turing concern at the St. Louis Exposition 
as demonstrator or overseer; have technical 
education and have installed and operated 
all kinds of D. C. and A. C. apparatus. Ad- 
dress No. 1335, care Electrical World and 
Engineer, New York. 


P OSITION WANTED.—By A-1 elec- 

trician with some technical training and 
11 years’ experience in high tension water 
power plants, installing of dynamos and 
switchboards; wants position as assistant 
with company to go to foreign countries on 
installation work by next August or Sep- 
tember; single; best references. Address 
No. 1334, care Electrical World and Engi- 
neer, New York. 


P OSITION WANTED.—By a really first- 

class engineer and superintendent of 
electrical properties; A-1 references and 
ability; parties desiring a capable man with 
wide experience and executive ability should 
reply. Address No. 1346, care Electrical 
World and Engineer, New York. 


P OSITION WANTED.—Electric Light 
- Manager now occupying responsible po- 
sition in large western city would conaider 
similar opening in eastern United States or 
Canada. Address No. 1345, care Electrical 
World and Engineer, New York. 


YOU NEEDIT! 


Gale’s Commutator 
Compound 


The only Article that will Prevent Sparking 





GALES 
COMMUTATOR COMPOUND, 


ih This FO L/S EB 





Will keep the commutator in good condition and preventcutting. Absolutely will not 
gum the brushes. 50c. per stick. $5.00 perdozen. Send SOc. for trial stick, 


FOR SALE BY ALL SUPPLY HOUSES, OR 


K. MCLENNAN & CO. 


WHY DON’T YOU —— Put a Little 


Hare’s Commutator Compound 


on that Sparking Motor, and save the Commutator? 
Save your time too. Both cost money. 


Enough to show you FREE. 
SOUTHWORTH & HARE, Indianapolis, Indiana 


SOLE MANUFACTURERS 
909, 100 Washington Street, CHICAGO 






Big Stick, 35c. 


IF YOU WANT AN ARTICLE 
THAT WILL REPEAT ITSELF. 





Rogers’ Drawing and Design gives a thor- 
ough and comprehensive self-instruction course 
in the principles and practice of Drawing and 
Designing required in the shops and drafting 
rooms of the engineering, electrical, machinery 
and kindred trades. 

506 pages, 610 illustrations. 
ne paper and handsomely 
black vellum cloth, with full 
money paid will be refunde 


if the book is 
not found to be satisfactory. 


Postpaid 





THEO. AUDEL & CO., Educational Book Publishers, 63 Fifth Ave., New York 





POSITION WANTED.—With _ electric 
_ light or telephone company as inside 
wireman or inside trouble man, by am- 
bitious young man looking for a chance to 
work up; strictly temperate, married, 24 
ears of age, student of Correspondence 
chool; 2 years’ practical experience; A-1 
references; will go anywhere. Address No. 
1337, care Electrical World and Engineer, 
ew York. 


POSITION WANTED.—Chief operator 
wishes to make change; at present have 
charge of large water power electric plant; 
Gee reasons for change; best references; 
estern position preferred. Address No. 
1339, care Electrical World and Engineer, 
ew York. 


POSITION WANTED.—As_ = armature 
winder and repair worker on armatures, 
generator fields, etc.; long experience; best 
of references; electric road preferred; will 
go anywhere Address No. 1341, care Elec- 
trical World and Engineer, New York. 


P OSITION WANTED.—By electrical 

engineer; extensive experience install- 
ing, operating and repairing of railway, 
light and power plants; expert in testing 
and trouble work; able mechanic and arma- 
ture winder; 16 years’ experience with all 
systems A. C. and D. C. Address No. 
1344, care Electrical World and Engineer, 

ew York. 


P OSITION WANTED.—By young man 
with a technical college education in 
Electrical Engineering; have had five years’ 
experience in the engineering, underground, 
aerial maintenance and outside construction 
departments of a large eastern telephone 
company; wishes a position with some tele- 
hone or construction company. Address 
No. 1343, care Electrical World and En- 


gineer, New York. 
P OSITION WANTED.—By a young elec- 
trical and mechanical engineer, 32 years 
old; 1x years’ experience in electrical rail- 
way onl lighting installations, civil engi- 
neering an ae engineering; edu- 
cated in one of the leading technical col- 
leges of the United States, and engaged for 
the last two years in the engineers’ depart- 
ment of one of the largest electric railway 
companies in the country; would like a. 
sition as superintendent or engineer of a 
railway or lighting plant, or with an en- 
gineering firm; can give the very highest 
references as to character and ability; loca- 
tion desired anywhere. Address No. 1342, 
oe. Electrical World and Engineer, New 
ork. 














(Continued on Page 123.) 





ALTERNATING CENERA- 
TORS. 


60 CYCLES. 
1100 or 2200 volts, 7200 Alternations. 
Lt. Speed. 
2 300 Gen. Elec, 15-K.W., 
comp., single phase, with 
exciter 720 
t §00 Wood, 25-K.W., comp., 
iron clad armt., single 
hase, with exciter 72 
t 600 est., 30-K.W., comp., 
toothed iron clad armt., 
single ph., with exciter 825 
t 750 Wood, 37%4-K.W., comp, 
iron clad, armt., single 
hase, with exciter 525 
t 900 est., 45-K.W., comp., 
toothed armt., 2 phase, 
1100 v., with exciter 720 
t 1200 West., 60-K.W., toothed 
armt., single ph., comp., 
with exciter 720 
t 1§s00 Warren-Medberry 75- 
.W., 2 ph., ind. type, 
with exciter, 2200 v. 600 
t 1gs00 Stan., inductor, 75-K.W., 
2 phase, 1100 or 2200 v., 
with exciter 900 
t 1500 West., 75-K.W., comp., 
distributed winding, 2 
h., 1100 v., with exciter 900 
2 1500 est., 75-K.W., 2 ph., 
2200 v., d. c. to 14x14 
Gates 4-valve aut., en- 
Gre complete with exciter 300 
I 1500 ood, 75-K.W., comp., 
slotted armt., with exciter 600 
z 2400 Gen. Elec. 120-K.W., 
hase, 2200 or 3300 V., 
th exciter 600 


126-133 CYCLES ALTERNA- 
TING CENERATORS. 
Me Wood, 33-K.W a 
° 33-K.W., comp., 1 
7so West., 37 -K.W. r 1650 
7s@ Wood, 37%-K.W., comp. 400 
goo Warren-Medberry, 45° 
ews iaderter type 1300 
1000 ood, o-K.W., ‘ 
2s 320 West., KW. ‘toot ed gil 
armt., comp. 1650 
1§00 Wood, 75-K.W., comp. eae 
z 1se0 Stanley, inductor type, 
75-K.W., 1100 or 2200 


v., 2 phase 

tr 1800 West., go-K.W., comp., 
toothed armt. 1500 

zr a40e0e Gen. Elec., 120-K.W., 
type A 120, latest type, 
comp., toothed armt 1070 

2 2400 Gen. Elec., 120-K.W. 
type A S, comp., slotted 
armt. 


° 


1070 


LATEST TYPES OF 
(second-hand) ELECTRIGAL MACHINERY 


FOR SALE AT BARCAIN PRICES 


REGORY 


ELEG 





TRIC Co. 


54-62 S.CLINTON ST. CHICAGO. 


Bargain Sheet showing compiete list of 


Send for our Monthi 
All machines fully guaranteed. 


apparatus with NET PRICES. 





Crocker-Wheeler, M. P. 


Stan., inductor type, 200- 
W., 1100 or 2200 V., 


oenix i 

West., 400-K.W., slotted Ahims-Edwar ; 
Edison 20-K.W., comp. 

on .» M.P., 20-K.W. 


Wheeler, M. P. 
M. P., comp. 


tributed windings 5 
110 TO 125 VOLT GENERA- 
TORS 


DIRECT CURRENT. 


Northern, 22%- 
Edison, 25-K.W. 


Sprague-Lundell, 
c eC ‘ee 4 

Fisher, M.P., 
Card, M.P., comp. 


Gen. Elec., IB 
West., M. P., com 


Crocker-Wheeler : 
te self-oiler 
M. P. 


Edison, self-oiler, 3-K.W. 
Hobart, M.P., comp., s-o. 
Hobart, M.P., comp. 


ee me me me Ge mt me me tt tt ee 


Riker, M. P., comp., s-o. 
New Eng., multipolar 
Perrett, multi 
Card, multipolar 
er-Wheeler, comp. 


Edison, 100-K.W., s-o. 


DIRECT CONNECTED UNITS 


Lt. 
100 G. E., 6 pole, comp., d.s. 
to 12x13 Weston aut. en- 


mm 60-K.W., 125 v. 
Northern, M.P., comp. 
. c. to Ball engine, 15x 


ayne, comp. d. e¢. 


West. Elec., M.P., comp. oom 
uckeye vert. 


ph, M.P., comp. 
M. P. ° 
Lundell, M. P., 


te et te me me ee mt me me te em 


shunt, d. c. te Ames tan- 








Lt. Speed. 
dem comp. 11x17x12 aut. 
engine, 12 v. 270 

2500 West. Elec., M.P., comp. 
for d.c., brand new, 150- 
K.W., 125 v. 240 

K.W. 
I 40 Commercial, M.P., d.c. to 
11x12 aut. Chandier-Tay- 
lar engine, 250 v. 300 
75 Siemens & Halske, 
Churchward type, M.P., 
~~ 


brand new, 


a 


~ 


250 V. 300 
2 75 est., 60 cycle, 2 phase, 
2200 v., d. c. to 14x14 
Gates 4-valve aut. engine, 

complete with exciter 300 

220 TO 250 VOLT GENERA- 

TORS. 
K.W. Speed. 


1 12 Crocker-Wheeler, M. P. 1000 
I 12 Card, M. P., comp. 800 
I 12 Westinghouse, M. P. 1400 
1 1§ Edison, self-oiler 1400 
1 20 Western Electric 150 
1 20 Edison, self-oiler, comp. 1400 
1 20 Wagner, multipolar 1200 
1 20 Keystone, M. P., comp. 95° 
1 20 Eddy, M. P., comp. 950 
1 20 Diehl, M. P., comp. 925 
1 25 Crescent, multipolar 1000 
1 25 Commercial, s-o, comp. - 
1 30 Western Elec., M. P. 0@ 
1 30 Triumph, M. P., comp. se 
1 37%Keystone, M. P., comp. oe 
: «@ Ge Gc. P., comp. 750 
1 40 Crocker-Wheeler, 5° 
1 40 Eddy, M. P., comp. se 
1 40 Keystone, M. P., 3 goe 
1 45 Am. Engine C., M. P. 

2 45 Edison oa self-oiler 1000 
1 45 Gen. Elec., . P., comp. 935 
1 59 Eddy, M. P., comp. se 
t  §0 Triumph, M. P., comp. 900 
1 §5 Fuller multipolar, comp. 75¢ 
1 7o Western Electric, comp. 58s 
I 75 . C., M. P., comp. 25 
1 80 C. & C., comp., self-oiler 25 
1 roo Edison, comp., self-oiler 6se 
1 roo Commercial, M. P., comp. 75¢ 
2 220 Eddy, M. P., comp, 70@ 
1 125 Thompson-Ryan, M: Pp. 375 
1 125 Siemens & Halske, M. P. 
2 

1 

I 

5 


150 National, M. P., comp. 35¢ 


200 Eddy, M. P., comp. 5ee 

300 Western Elec., M. P. 4te 

00 TO 550 VOLT CENERA- 
TORS. 

K.W. Speed 


1 60 Edison, comp., self-oiler, 
new armt. and commutater 7¢¢ 
1 62 T.-H., D 62, 8-0., comp. gee 
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DIRECT CONNECTED UNIT, 220 volts 
s50-K.W. American Ball Dynamo & En- 


w 


aoe 
ROM ONS 


alglalglalate 
=== === 


500 VOLT GENERATORS AND MOTORS 


foe eee 4 pole. 
Electric, 4 pole. 
Westinghouse, 6 pole. 
General Electric, 4 pole. 


2—5so00-K.W. 
2—300-K.W. 
1—300-K.W. 
1—200-K.W. 
1—z200-K.W. 
2—175-K.W. 
i—150-K.W. 
1—110-K.W. 
2—100-K.W. 
2—100-K.W. 
i— 75-KW. Westinghouse, 6 pole. 

4—_75-K.W. General Electric, 4 pole. 


Genera 


Edison bipolar. 
Edison bipolar. 


Edison bipolar. 


3—D-62-K.W. T. H. bipolar. 
Complete stock of motors. 


220 VOLT GENERATORS AND MOTORS 


1—120-K.W. C. & C., 6 pole. 
1—100-K.W. C. & C., 6 pole. 
i— 50-K.W. Bullock, 4 pole. 


i— 40-K.W. Crocker-Wheeler, 4 pole. 
1— 16-K.W. Ft. Wayne, 4 pole. 


gine. 


10 VOLTS DIRECT CURRENT 


Westinghouse, 4 pole. 
General Electric, 6 pole. 
General Electric, 4 pole. 


ELECTRICAL WORLD anp ENGINEER. 


1— 12-K.W. Keystone, 4 pole. 
Complete stock of motors. 


110-125 VOLT GENERATORS AND MOTORS 


2—45-K.W. Westinghouse, 4 pole. 
2z—60-K.W. Edison bipolar. 
1—40-K.W. C. & C., 4 pole. 
1—35-K.W. Loomis, 6 pole. 
1—35-K.W. Mather, 4 ~ 
1—z21-K.W. Riker, 4 pole. 
1—17¥%4-K.W. General Electric, 4 pole. 
1—15-K.W. Edison bipolar. 
1—12%4-K.W. Card, 4 pole. 
2—3-K.W. Westinghouse bipolar. 
Complete stock of motors. 

DIRECT CONNECTED UNITS 
200-K.W. seme area, 125 volts, D. 
C. McEwen Tandem Engine. 
80-K.W. Jenney, 125 volt, D. C. Rus- 

sell 4-valve engine. 
50-K.W. Northern, 125 volt, D. C. Rus- 
sell (new). 


2—5o-K.W. American Ball, 220 volts, 


D. C. duplex and simple engines. 
2—42-K.W. Westinghouse D. C. Alfrey 


engines. 


30-K.W. Eddy, 125 volts. D..C. Water- 


town engine. 


25-K.W. Westinghouse, 125 volt, D. C. 


Westinghouse. 
7%4-K.W. 


orthern, 125 volt, D. C. Hill 
Vertical Engine (new). 


6-K.W. ditto. 
4-K.W. ditto. 
3-K.W. ditto. 


ALTERNATING (60 Cycle 


250-K.W. Westinghouse, 60 cy., 2 ph., 
2,200 volts. 
100-K.W. G. E., 60 cy., 3 ph., 2,300 v. 


65-K.W. Stanley, 60 cy., 2 ph. 


—- Westinghouse, 2 
P. G. 


3-H. 
2-H. 


F.. 3 ph.» 60 cycle. 


; ph., 60 cy. 
Westinghouse, 2 ph., 60 cy. 





I2!I 


ALTERNATING (125 Cycle) 


120-K.W. G. E., s. ph., 1,100 v. 
120-K.W. Westinghouse, 2,200 v. 
100-K.W. G. E., s. 
2—A-70 T. 
1—60-K.W G. E., s. ph., 1,100 v. 
2—35-K.W. Westinghouse, 1,100 v. 
10-H.P. Excelsior, s. ph., 125 cycle. 


ph., monocyclic. 
H., s. ph., 1,100 v. 


ENGINES 


3—11 and 17x24 Harrisburg tandem. 
1—16 and 30x48 Hamilton Corliss. 
1—17x42 Brown of Fitchburg. 
1—14x28 Delamater Corliss. 


i195 Buckeye tangye bed (130 
ok eps 


1—13x14 McIntosh & Seymour. 


x12 Erie Ball automatic (with sub- 


MODERN ELECTRICAL MACHINERY FOR SALE. 


ALTERNATING INDUCTION MOTORS 


Dynamos or Motors 


500 VOLTS DIRECT CURRENT 


Bullock, M. P. 
Eddy, M. P. 
tddy, M. P. 
C. c 

Sey TK 
Lundell. 
Ce Ne 


Dynamos or Motors 


15-H.P. General Elec., M. P. 
74%4-H.P. General Elec., M. P. 
5-H.P. Sprague. 

2-H.P. General Elec. 


| BUY, RENT AND 


K.W. Speed. 
75 Akron, M. P., 6 pole 900 
75 Bullock, multipolar 900 
75 Gen. Elec. M. P., 4, comp. 700 
100 Edison, comp. 650 
100 Siemens & Halske, M. P. 600 
100 Gen. Elec., M. P., rs comp. 650 
100 Westinghouse, M. P., 6 650 
120 ae, M. P. 625 

200 Gen. it, Be Bey @ 
comp., s-o., three bearings 400 
200 Thompson-Ryan, M. P. 525 

ARC DYNAMOS. 

Le; . Sar. Speed. 
35 2000 T.-H., L D2 ball 820 
45 1200 Brush, No. 7. 1050 

50 1200 T.-H., L D 12, new 
ball 820 

50 2000 T.-H., M D 32, so., 
ring 820 
65 2000 Brush, No. 8 50 
75 1200 T.-H., M D 12, 8-0, 820 
75 1200 Wood 950 
100 2000 Wood 600 
125 1200 Brush, 6.6 amp. 700 
125 2000 Brush, 9.6 amp. 500 
12§ 1200 Excelsior 700 


220 TO 250 VOLT MOTORS. 
DIRECT CURRENT. 


te tt et tt tt ttt ttt 


de ee et oe me 


1 Crocker-Wheeler, self-oiler 900 
1 Commercial, self-oiler 1200 
1 Paragon, self-oiler 1100 
2 Edison, self-oiler 1600 
2%4Gibbs, multipolar 1250 
3 ibbs, M. P. 1400 
3 Westinghouse, M. P. 1700 
3%4Paragon, self-oiler 1000 
5 Western Electric, M. P. 950 
5 Gibbs, M. P. 1400 
7%4Western Electric, M. P. 975 
7%4Towle, M. P. 1050 
7%4Commercial, M. P. ‘ee 
73%4Gen. Elec., M.P., form H 800 
10 Sprague-Lundell, M. P. 1175 
10 eystone, M. P. 1175 
te Lundell, M. P. 1060 
15 Crocker-Wheeler, M. P. 810 
15 Card, M. P. 700 
1 5 Westinghouse, M. P. 1200 
1 Edison, 15-K Ww. 1150 
25 Western Electric 525 
25 Keystone, M. P. 725 
25 Eddy, M. P. 725 
25 Dieul, M. P. 750 
30 Crescent, M. P. 800 
40 Western Electric, M. P. 400 
4° Keystone, M. P. 700 
4° Triumph, M. P. 750 
45 Crocker-Wheeler, M. P. 850 
se Cc. & C, M. P. 560 
se y, M. P. 675 
se Keystone, M. P. 750 








OR tt me me tt ee et tt 


220 VOLTS DIRECT DURRENT 
Dynamos or Motors 


. Sprague, M. P. 
. Crocker-Wheeler, M. P. 
dp “—" 
P. rague, M. P. 
, Generel Elec. 
. Holtzer Cabot. 
-P. Card. 
-P. Edison. 
x G a's. 
Paragon, M. P. 
-H.P. Holtzer Cabot. 
-H.P. Crocker-Wheeler. 
-H.P. Diehl. 
mes te C 


‘P. General Elec. 


-P.C. & C. 
. Crocker-Wheeler. 


hej Et Es 


rord 


Fa 
Ditty 


HH DHWWUUANNY HH ww HD 
‘ 


-H. 


a] 


2 Phase, 60 Cycles, 220 Volts 


30-H.P. Type F Westinghouse. 
15-H.P. Type C Westinghouse. 
10-H.P. Type C Westinghouse. 
74%4-H.P. 


5- 


rick. 2 


ype C Westinghouse. 


ype C Westinghouse. 


2-H.P. General Elec. 
1-H.P. Westinghouse. 


¥%-H.P. General Elec., 220 or 110 v. 


Y%4-H.P. General Elec. 


2 Phase, 440 Volts, 60 Cycles 


30-H.P. Westinghouse. 
15-H.P. Westinghouse. 
10-H.P. 
7%4-H.P. Westinghouse. 
5-H.P. Westinghouse. 
3-H.P. Westinghouse. 
1-H.P. Westinghouse. 


Westinghouse. 


(second-hand) ELECTRIGAL MACHINERY 


We do not offer old. worn out machines fit for the Junk pile, but the LATEST TYPES 
of the leading manufacturers. 


S 


REG 


ELECTR 


54-62 S.CLINTON ST. CHICAGO, 


Sena for our Monthly Bargain Sheet showing NET prices -— all 


machines fully guaranteed. 


H.P. Speed. 
60 Edison, self-oiler 75 
60 General Electric, M. P 700 
65 Triumph, M. P. 700 
65 Eddy, M. P. 650 
7o Fuller, multipolar 600 
75 epromee, self-oiler 500 
85 estern Electric 500 
roo C. & C., M.P., 6 pole 450 
sco CC. 6 C,, self-oiler 450 
125 Edison, self-oiler 550 
135 Commercial, M. P. 675 
150 Eddy, M. P. 600 
200 National, M. P. 300 


500 TO.550 VOLT MOTORS. 


et ee et ee et 


HP. Speed. 
1 Crocker-Wheeler 1200 

1 Diehl, self-oiler 1875 
1 New England 1100 
1% Crocker-Wheeler 1550 
2 C. & C.,, self-oilers 1350 
2 New England, self-oiler 1200 
2 Crocker-Wheeler 1100 
2 Lundell 40 
3 Gen. Elec., type C E 1800 
3 Crocker-Wheeler 1100 
3%4Roth, self-oiler, M. P. 950 
4 Triumph, M. P, 1250 
4 Perrett, multipolar 725 
5 Northern, M. 1180 
5s Amer. Engine Co., M. P. 1550 
5 Westinghouse, M. P. 1500 
5 Crocker-Wheeler 950 
7%Northern, M. P. 1500 
7% Crocker-Wheeler 1500 
71%4General Electric, M. P. 1600 
10 Perrett, M. P. 600 
10 Northern, M. P. 1350 
10 Triumph, M. P. 1100 
10 Crocker-Wheeler 1275 


10 General Electric, M. P. 


1400 


a 


me 


SINGLE PHASE. 
H.P. 


et ete 


WH nw mb 


BP. Speed. 
15 nese, M. J , 1250 
15 ‘ -, self-oiler 975 
15 Perrett, M. P. 1100 
18 T.-H., D 15, self-oiler 1550 
20 Kester 1400 
20 S. & H., M. P., Church- 

ward 900 

20 Perrett, M. P. 700 
20 ommercial, M. P. 900 
25 New England, multipolar 900 
25 Card, multipola. 500 
35 Card, M. P., self-oiler 775 
40 Wood, multipolar 750 


ALTERNATING CURRENT 
MOTORS. 


125-133 CYCLES. 
5-133 Speed. 


% Wagner, 104 v., aut. 2000 
1 Fort Wayne, 104 volts 2500 
1 Wagner, 208 volts, aut. 2000 
1% Wagner, 208 volts, aut. 2000 

Wagner, 104 volts, aut. 2000 

4 Phillips, 104 volts 1800 

Holtzer-Cabot, 104 volts 2500 

% Emerson, 104 volts 2000 

% Stanley, 104 volts 2000 

% Wagner, 104 volts, aut. 2000 
1 Fort Wayne, 104 volts 2500 
1 Wagner, 208 volts, aut. 2000 
1% Wagner, 208 volts, aut. 2000 
5s Wagner, 104 volts, aut. 2000 

SINGLE PHASE. 60 CYCLES. 
H.P. Speed. 
§ Phillips, 104 volts 1800 
Phillips, 208 volts 1800 

¥% Phillips, 104 volts 1800 

¥% Phillips, 208 volts 1800 
1 Phillips, 208 voits 1600 
1 Phillips, 104 volts 1600 
1 Wagner, 208 volts 1800 


5- 
2- 
2- 


H.P. 
H.P. 
H.P. 


3 Phase, 60 Cycles 


Westinghouse, 220 volts. 
Gen. Elec., 110 volts. 
Westinghouse, 220 volts. 


Y%-H.P. General Elec., 220 volts. 
¥%-H.P. General Elec., 110 volts. 


1 Phase, 60 Cycles 


7-H.P. Wagner, latest type. 
¥%4-H.P. General Elec. 
4%-H.P. General Elec. 


{ Phase, 125 Cycles 


3-H.P. Wagner, latest type. 
1-H.P. General Elec. 
¥%-H.P. Emerson. 

1/49-H.P. Emerson. 


Large stock of small motors, 


auto- 


starters, starting boxes, rheostats, switch- 
boards, voltmeters, ammeters, etc. 








NSTALL.—GEORCE BENDER, 137 CENTRE STREET, NEW YORK. 





H.P. Speed. 
I 3 Wagner, 208 volts 1800 
I 7% Wagner, 104 volts 1800 
1 315 Wagner, 104 volts, aut. 1200 
2 30 Wagner, 104 volts, aut. 1200 


THREE PHASE. 125-133 CYCLES. 
H.P Speed 


3 General Electric, 110 volts 1875 


TWO PHASE. 60 CYCLE. 
H.P. Speed. 
I 1 waste type & 110 Vv. 1800 
I I est., type C, 200 v. 1708 
1 2 Gen. Elec., 220 V. es 
1 3 Stanley, 500 v., with con- 
denser 1866 
I 7% West., type B, 400 v. 1200 
1 20 West., type C, 208 v. 1120 
4 50 West., 400 v., type B. goe 
1 75 West., 400 v., type B 900 
2 100 West., 400 v., type B 720 
‘THREE PHASE. 60 CYCLE. 
BLP. Speed. 
2 1 Gen. Elec., 110 v. 1800 
I 2 nm. Elec., 220 v. 1800 
I 3 Gen. Elec., 104 v. 1875 
I 5 Gen. Elec., 110 v., type 
7.2 1200 
r 10 Gen. Elec., 110 v., form L gee 
1 15 Gen. Elec., 110 v., form L 
ATTENTION, MANUFACTURERS. 


Extra Siow Speed Motors, 220 
volts, direct-current, sultadie 
for Sesrese drills, lathes, 
presses and tools of all be- 
Sostenens electricalily—these 
machines areallin stock and 
we sale cheap. 


Speed. 
1 % Maine, M. P. 4se 
1 Maine, M. P. 400 
4 Maine, M. P. 260 
1 1 Maine, M. P. 5e0 
I 1 Maine, M. P. 4se 
I 1% Maine, M. P. 500 
4 2 Maine, M. P. ie 
1 3 Storey, variable speed 300-1500 
1 3 Keystone, compoun se 
1 3%Eddy, M. P. 400 
1 4 Commercial, M. P. 45@ 
5 5 Western Electric, M. P. 9se 
1 s Eddy, M. P. 3008 
3 5 Belknap, M. P. 230 
I 6%4Jenney, M.P., back geared, 
speed of shaft . 440 
I 7% Milwaukee, M. P., series, 
crane type, grease cup 690 
I 8 Crocker-Wheeler, series, 
crane type goe 
1 8 Maine, M. P. 200 
1 10 Bernard, M. P. 17e@ 
3 10 Bernard, M. P. 130 
All machines fully guaranteed. 





i 
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ARC 
DYNAMOS 


FOR BARGAINS OF THE DISTINCTLY 
=~ —~ BETTER QUALITY 


Direct Connected Sets 
1—z25-K.W. G. E. 110-v. to McI. & 
. Engine. 
1—40-K.W. Wood 220-v. to Atlas En- 


gine. 
2—4o-K.W. Schuckert t10-v. Vert. 
Comp. 
1—50-K.W G. E. 110-v. to Ideal. 
1—75-K.W. G. E. 110-v. to Ideal. 
“7. Am. Ball 220-v. to Am. 
a 


1—10-K.W. Eddy 
Vert. 
1 Am. Ball 220-v. to Am. 
all. 
a—125-K.W. Siemens-Halske 
to Am. Ball. 
1—1650-K.W. Walker 660-v. to Allis 
ross > 
o> est 550-v. to West 
ert. Comp. 
2—225-K.W. est 550-v. 
Vert. Comp. 


Engines 
2—16x16 Ball & Wood. 
1—16x27x16 West Comp. 
1—9ox12 A. & S. 
1—9%x10 Ene Ball. 

Transformers 
50—Asst. 12 to 50 Lt. Ft. 


110-v. to Racine 


125-v. 


to West 


Wayne 


Wood, new, 4oc per light. 
6—G. E. Type i i 
per light. 


12 to 20 light, goc 


CORRESPOND Wanted Central 
WITH US TO 


BUY OR SELL 









1—14-H.P. Holtzer-Cabot. 
1—5-H.P. Fairbanks-M. 
2—15-H.P. Fairbanks-M. 
3—25-H.P. Fairbanks-M. 
1—24%4-H.P. Wood. 


i—15-H.P. United States. 
1—15-H.P. Rochester. 


1—Otis 4-cylinder Elevator Pump 
1—175 H.P. Belt Driven Blake Con- 


3—3-H.P. Storey. 
i—5-H.P. Storey. 


1—7%%-H.P. Mather. 
1—10-H.P. Perret. 


2—150-K.W. 60-cycle 2200-volt D. C. 
2—A120-K.W. T. 


1—50-H.P. 3-phase 25-cycle West. 
2—30-H.P. 3-phase 25-cycle West. 
2—20-H.P. 3-phase 25-cycle West. 


Station Managers 
AND USERS OF MACHINERY 
TO CORRESPOND WITH US 


We have an exceptionally good proposition for 
those desiring to exchange their equipment for some- 
thing larger, more improved or more modern. 


THOMPSON-BONNEY C 


ELECTRICAL WORLD ano ENGINEER. 


LAMPS 


Full Line American, 
Wood, T.-H. Brush 


500 Volt Motors 


1—10-H.P. Wood. 


Miscellaneous 
with D. C. 220-volt Motor. 


denser. 


220 Volt Motors 


1—7%4-H.P. Storey. 
1—10-H.P. Storey. 
1—7%4-H.P. Wood. 
1—10-H.P. Wood. 


1—15-H.P. Perret. 
1—15-H.P. Diehl. 
1—50-H.P General Electric. 


Alternating Current 
to Ideal Comp. Engines. 
Hipal Come, Neate 
ais had 125-cycle West. Price 
175. 


7 
2b, 2-phase 60-cycle G. E. 
1—2-H.P. 3-phase 60-cycle G. E. 





CORRESPOND 
WITH US 10 
BUY OR SELL 


45 YORK STREET, 
ssBROOKLYNA,N.Y.,U.S A. 
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900-H.P. 34x60 International Power 
Corliss. 

450-H.P. 16 and 30x42 Allis Compound 
Corliss. 


450-H.P. 24x48 Brown Corliss. 

400-H.P. 23x60 Geo. H. Corliss. 

300-H.P. 20x48 Harris Corliss. 

275-H.P. 20x42 Hamilton Corliss En- 
gine. 

eet: 18x48 Lane and Bodley Cor- 
iss. 

225-H.P. 18x42 Hamilton Corliss. 

200-H.P. 18x36 Bates Corliss. 

200-H.P. 12 and 22x42 Atlas Compound 
Corliss. 

175-H.P. 16x42 Allis Corliss. 

150-H.P. 15x38 Brown Corliss. 

125-H.P. 14x36 Putnam Corliss. 

100-H.P. 12x36 Harris Corliss. 

66-87 12x30 Lane and Bodley Cor- 
iss. 

650-H.P. 28%4x52 Buckeye Automatic. 

450-H.P. 24x48 Buckeye Automatic. 

400-H.P. 1634 and 28%x27 Buckeye 
Compound Automatic. : 

250-H.P. 16 and 27x16 Westinghouse 
Compound. a 

150-H.P. 15x14 Ideal Self Oiling Auto- 
matic. 

100-H.P. 13x12 Ideal Self Oiling Auto- 
matic. 


FOR SALE. 


IRECT . 
30K.W aS as" icon 


apne 110 volts. 

10-K.W. Westinghouse dynamo to Arm- 
ington & Sims engine, 110 volts. 

10-K,.W. Westinghouse dynamo to West- 
inghouse engine, 110 volts. 

80-Amp. Edison dynamo to Brother- 
hood engine, 80 volts. 

20-H.P. Elektron 220 volt motor to 
Morse Williams freight elevator. 


TED. 

60-amp. Crocker-Wheeler to Herresoff 
engine, 110 volts. 

2000 volt Electro Dynamic arc dynamo, 
10 amperes. 

s500-Lt. Edison dynamo, 110 volts. 

60-amp. Westinghouse dynamo to West- 
inghouse engine, 110 volts. 


JORDAN BROS., 





For Sale:—Four 22’ and 42’ x 48’ 
Hamilton Tandem Compound Condensing 


Corliss Engines 
With Independent Condenser for Each. Wheels: 24 ft. x 50 ins. 60,000 Ibs. 
Capacity: 750 to 1,000 H. P. Each. Located in New York City. 


WHITEHEAD MACHINERY CO... Davenport, lowa. 





74 Beekman St., 







go-H.P. 12x20 Atlas Side Crank Auto- 
matic. 

g0-H.P. 12x16 Erie Center Crank Aut. 

40-H.P. 9x13 Frost Side Crank Auto- 










matic. 
BOILERS 
1—350-H.P. Babcock and Wilcox Boiler, 
150 lbs. 
1—280-H.P. Babcock and Wilcox Boiler, 
150 lbs. 






2—265-H.P. Babcock and Wilcox Boil- 
ers, 150 lbs. : ; 
3—26s5-H.P. Babcock and Wilcox Boil- 


ers, 135 Ibs. 









1—175-H. Babcock and Wilcox Boiler, 
125 lbs. 
1—172-H.P. Babcock and Wilcox Boiler, 





130 Ibs. 
“— Cahall Vertical Boiler, 160 
s. 







1—72x18 Tubular Boiler, 125 lbs. 
7—72x18 Tubular Boilers, 100 lbs. 
—72x16 Tubular Boilers, 100 lbs. 
6x18 Tubular Boilers, 100 lbs. 
3—66x16 Tubular Boilers, 100 lbs. 
1—6o0x18 Tubular Boiler, 100 Ibs. 
4—60x16 Tubular Boilers, 100 Ibs. 
2—60x14 Tubular Boilers, 120 lbs. 
Wainwright Heaters, 50, 75, 100, 150 
and 200 H.P. 














35-amp. Sprague dynamo to Hornby 
-— oil engine. 
600-Lt. Weston dynamo, 110 volts. 
500-Lt. Edison Dynamo, 110 volts, D.C. 
to Brotherhood engine. 
400-Lt. Excelsior dynamo, 110 volts. 
45-H.P. C. & C. motor, 230 volts. 
30-H.P. C. & C. motor, 230 volts. 
15-H.P. Thomson-Houston motor, 500 
volts, with spare armature. 
15 General Electric, 2-H.P., 220 volt 
motors. 
12 Siemens & Halske 5-H.P., 22@ volt 
motors, 220 volts, 1550 R.P.M. 
2 search lights. 
These motors are dust proof and se 
ries wound. 
Large stock of smaller dynamos and 
motors. s ; ; 
Repairing of electrical machinery in 
all its branches. 
nN. VW 


























WANTED 


TECHNICAL INVENTORS. Engage a 
registered expert patent solicitor. I will 
furnish (in answer to a postal), certificates 
of honesty and competency from fifty pro- 
fessors, members A. I. E. E., A. Soc. M. 
E., and other technical clients; impossible 
for an ordinary solicitor who only knows 
“general electrical principles’’ to draft 
proper technical claims, etc. Address No. 
1322, care Electrical World and Engineer, 
New York. 


FOR SALE. 


1 Second-Hand 15-H.P. 275 R. P.M. 
Nash Double-Cylinder Gas Engine, used 
about 6 months, being replaced by a 
95-H.P. Nash. In good operative con- 
dition. . 

DOUBLEDAY HILL ELEcTRIC Co., 
219 Liberty Street, Pittsburg, Pa. 











FOR SALE 


Complete new apparatus embodying all the 
most recent improvements in machinery em- 


ployed in the manufacture of incandescent 
electric lamps. Will guarantee lamp man- 


ufacturers sesults as to cost and quality. 
Address No. 
and Engineer, 


1158, care Electrical World 
ew York. 





Battery Compound 


FOR 


ALL ZINC-CARBON BATTERIES 


MINERAL PRODUCTS CO., Inc., 
2250 N. 9th St., Philadelphia, Pa 








If you do not know who makes what 
you want to buy, consult the advertis- 
ing pages of Exectricat Woritp aANp 
ENGINEER. 








READY TO SHIP 


100-K.W., 8-pole, General Electric Gen- 
erator, direct connected to Auto- 
matic Engine. 

100-K.W., 6-pole, Western Electric, 115 
v. Generator, direct connected to 
16x16 Ideal. 

120-K.W., General 
Alternators. 

150-K.W., Ft. Wayne Wood Aternator. 

75-K.W., Ft. Wayne Wood Alternator. 

75-K.W., 6-pole, Western Electric, 
220 V. 


60-cycle 


Electric, 


40-H.P., Western Electric, 
220 V. 

175-K.W. Edison Bi-polars. 

100-K.W. Edison Bi-polars. 

200-K.W. General Electric Railway Gen- 
erator. 

s00-H.P. Cross compound Cooper Con- 
densing Corliss with Condenser. 

20x42 Allis Corliss. 

24x20 Ideal Automatic, latest type. 


4-pole, 


Write for current price list of dynamos, engines and boilers. 


STATION EQUIPMENT COMPANY 


204 Dearborn St., 


(5) 


DIELECTIC VARNISH 


DIELECTRIC MNFG. CO., 


Chicago. 








OIL PROOF 
SKIN 
INSULATION 


SAINT LOUIS 





You can increase the efficiency of your advertising by sending 
us NEW CUTS frequently. 











Free Sample 


HART & CO. 


MONADNOCK, BLDG. 
CHICAGO 


Successor to STUCKY & HECK, 


LO U : Ss H EC K, ELECTRICAL MANUFACTURING CO., Lit’d. 


Electrical and 

Mechanical 
Engineers and 
Draughtsman 


Every System— 
Repairing, 
Re-winding, 
Re-construction 


Telephone No. 977 


35 N, J- RAILROAD AVE.., Opp, Market St, Railroad Depot, NEWARK, N. J. 








PROPOSALS 


CITY OF LAUNCESTON, TASMANIA. 


ELecTRICAL PLant For SALE. 

The Corporation of the City of Launces- 
ton has for sale the following Electrical 
Plant: 

I. ALTERNATING PLANT. 


5 Water driven Turbines of 160-H.P. each, 
by Gilbert Gilkes, of Westmoreland. 

5 Alternators of 100-K.W. each, by Siemens 
Bros. & Co. 

Switchboard complete with instruments. 

A large number of suitable transformers, 
meters and single phase motors and 
other minor plant apparatus. 


II. Drrecr Current Arc LIGHTING PLANT 
(Ser1es SysTteEM). 


5 Siemens Arc Light Dynamos each for 35 
lamps (7.5 amperes). 
4-Circuit Switchboard complete with instru- 
ments. 
About 140 Siemens small band arc lamps. 
About 120 lanterns for the above. 
Full particulars may be obtained on ap- 
lication to the City Electrical Engineer, 
Town Hall, Launceston, Tasmania. 
C. W. Rocher, 
Town Clerk. 
Town Hall, 
Launceston, 
8th December, 1903. 





P ROPOSALS will be received at the 
Bureau of Supplies and Accounts, Navy 
Department, Washington, D. C., until 12 
o’clock noon, March 15, 1904, and qemiely 
opened immediately thereafter, to furnis 
at the navy yard, New York, N. Y., a quan- 
tity of electric motors, motor generators, 
generating sets, keyboards for night signal 
sets, rubber tape, conduit and fittings, wire, 
wiring appliances, incandescent lamps, elec- 
tric light fixtures, rubber sockets, steam 
tight globes, bolts and nuts, rivets, khaki- 
dyed duck leggins, table linen, china ware, 
glassware, silver-plated ware, hardware, in- 
got copper, pig iron, bar and sheet steel and 
shapes, Banca tin, magnesia pipe covering, 
brass pipe, copper pipe, bronze tubing, steel 
tubes, brass pipe fittings, valves, bath tubs 
and bathroom supplies, terra cotta, coffee 
urns, corn pith cellulose, tinned pears, 
tinned apricots, tinned peaches, vinegar, and 
various machine tools, comprising bolt cut- 
ters, punching press, squaring shear, rip- 
saw machine, engine lathe, and planers. 
Blank proposals will be furnished upon ap- 
plication to the navy pay office, New York, 
N H. T. B. Harris, Paymaster Gen- 


eral U. S. N. 2-19-04 
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For Sale. 
Direct Connected Direct Current 
125 T0 250 VOLTS ° 


1—425-K.W. unit consisting of two 210- 
W. 140-volt MP engine type 
General Electric generators, 120 
R.P.M., direct connected to one 24 
x36 Wright Corliss engine, for use 


on 125 or 250-volt circuit. 
1—160-K.W. unit consisting of two 80- 

K.W. engine type P 6 80-230 

R.P.M. neral Electric gener- 


ators mounted on one base and 
direct connected to one 15 and 25x 
16 horizontal tandem compound 
automatic Ball engine, 125 to 250 
volts Edison three-wire system. 
1—150-K.W. 110-volt MP 6 engine type 
neral Electric generator direct 
connected to one 14 and 21x36 
Penna. Iron Works tandem com- 
pound Corliss engine, 102 R.P.M. 
aise’ 125-volt MP 8 150-225 
-P.M. latest type vertical split 
frame Westinghouse generators di- 


PACTORIES 
City, N. J. 


Jerse St. Louis, Mo. 





ROSSITER 





ELECTRICAL WORLD ann ENGINEER. 


DIRECT CONNECTED APPARATUS 


rect connected to two 18x16 simple 
horizontal 4-valve Corliss type 
steam jacketed cylinder Ball & 
Wood engines. hese outfits are 
brand new. Immediate delivery. 


1—125-K.W. 125-volt MP  Siemans- 
alske generator direct connected 

to simple engine. 

1—75-K.W. 125-volt MP 6 engine type 
General lectric generator, 270 
R.P.M., direct connected to one 14 
x14 Ideal horizontal centre crank, 
high speed, automatic engine. 

1—75-K.W. 125-volt MP 6, latest en- 
gine t estinghouse generator, 
275 R.P.M., direct connected to one 
13x12 Ball & Wood centre crank, 
high speed automatic, simple en- 
gine. 

1—60-K.W. 125-volt MP 6 60-280 
R.P.M. engine type General Elec- 
tric generator, direct connected to 
12x12 Armington & Sims horizon- 
tal, centre crank, high speed, auto- 


MAIN OFFICE: 






Whitehall Building 





Battery Place, New York City. 





matic engine, with new type gov- 
ernor. 

1—62%4-K.W. 2so-volt MP 6 _ engine 
— Bullock generator, 275 R.P.M., 
irect connected to 14x12 Ames 
horizontal, centre crank, high speed, 
automatic engine. 

i—50-K.W. 125-volt MP ine type 
G.I. generator, goo R.P.M., direct 
connected to one 12x12 horizontal 
high speed Russell engine, with 
Rites governor. Brand new. 

2—42-K.W. ae engine t West- 
inghouse MP generators, direct con- 
nected to two 12x12 horizontal, 
high speed Alfree engines. 


i—so0-K.W. unit consisting of two 25- 


K.W. MP 6 engine General 
Electric, 305 R.P.M., direct con- 
nected to one 11x12 simple hori- 


zontal, high speed Ball engine, for 
use on ison 3-wire 125 or 250- 
volt circuit. 

1—30-K.W. 125-volt engine type West- 


Mac GOOVE RN Be co. 
BRANCH OFFICES: 
Missouri Trust Building 









123 





IMMEDIATE SHIPMENT 

IN STOCK Jersey City and St. Louis Factories 
inghouse generator, 300 R.P.M., 
direct connected to one 11x10 sim- 
ple, horizontal, automatic high 
speed Ball engine. } 

1—25-K.W. MP 6 125-volt engine type 

neral Electric generator, 360 

R.P.M., direct connected to 8 and 
13x8 Westinghouse vertical com- 
pound engine. ; 

1—20-K.W. 125-volt MP 4 een type 
Triumph generator, 350 R.P.M., di- 
rect connected to one 8x10 _hori- 
zontal, high speed, automatic Chan- 
dler & Taylor engine. 

1—124%4-K.W. 125-volt Sprague Lun- 
dell type generator, 280 R.P.M., di- 
rect connected to one 20-H.P. two- 
cylinder National Meter Company’s 
gas engine. This outfit is practi- 
cally new. ; 

1—10-K.W. 125-volt MP engine type 
Eddy generator, 400 R ., direct 
connected to Wm. Bagley Sons 
vertical, automatic, high speed en- 
gine. 





























St. Louis, Mo. 








(Continued from Page 120.) 
POSITION WANTED.—By _ technical 

graduate in laboratory or with engi- 
meer; experienced in experimental work and 
general testing; familiar with the adjust- 
ment of instruments of precision; enesiient 
mechanic and draughtsman. Address No. 
1338, care Electrical World and Engineer, 
New York. 


POSITION _ WANTED.—An_ = American 

father, retired, is willing to pay a bonus 
for a situation for his 20-year-old son with 
a large electrical contracting concern; good 
ee: quick, mechanical. Address 
Yo. 1347, care Electrical World and Engi- 
neer, New York. 


POSITION WANTED.—As manager or 

superintendent; fourteen years’ practi- 
cal experience installing and operating light 
and power plants, water power and steam. 
Address No. 1282, care Electrical World 
and Engineer, New York. 


POSITION WANTED.—City sales man- 

ager of large. New York supply house 
for past 3 years is at liberty; would like to 
represent manufacturer in the market; can 
furnish best references both as to ability 
and character. Address No. 1349, care 
Electrical World and Engineer, New York. 


POSITION WANTED.—Experienced man 
_.as foreman for central station work 
within 300 miles of New York City; com- 
petent on single, two or three phase installa- 
tions, repairs or “‘change overs”; thorough 
on inside wiring or subway construction; 
can give good references. Address No. 
1348, care Electrical World and Engineer, 
New York. 


HELP WANTED. 


The rate for “Help Wanted” advertise- 
ments of forty words or less is one dollar 
and fifty cents an insertion; additional 
words three cents each, payable in ad- 
? Remittance and copy should reach 
this office not later than Tuesday morning 
for the next succeeding issue. 


nA 
WANTED.—Solicitor with experience in 

electric lighting; give references. Ad- 
dress No. 1320, care Electrical World and 
Engineer, New York. 


W ANTED.—A man with a _ good all 

” around knowledge of electricity, elec- 
trical and machine work; one with expe- 
rience in spark coil work, and who can han- 
dle men preferred; state age, experience and 
salary wanted. Address No. 1350, care 
Electrical World and Engineer, New York. 


























A set nearly complete. 


morocco, others in parts. 
plete set sells for $100.00. 


The Physical Review. 


1896, to Vol. 15, No. 6, 


in one vol. 


24 and 31. 


EDWARD CALDWELL, 





La Lumiere Electrique, Paris 


This set lacks only 13 numbers and 3 vols. of a 
complete set which consists of 5 
The missing vols. are 19, 40 and 52. 
The price of this set is $65.00. 


Mechanics’ Magazine, London 


A complete set from Vol. 1, No. 1, i 30, 1823, to the end of Vol. 69, 
Nov. 27, 1858. 69 vols. bound in boards, 


A complete set 


from the commencement to December, 1903, 17 vols. unbound, in very 
clean condition, mostly uncut, $35.00. 


American Society of Civil Engineers 


A complete set of the Transactions and Proceedings from the commence- 
ment to December, 1896, consisting of the Transactions, Vols. 1 to 36, and 
the Proceedings, Vols. 1 to 22 complete, unbound, with two general indexes 
to the Transactions, Vols. 1 to 21 and Vols. 22 to 27. 


Municipal Journal and Engineer. 
including its predecessor, City Government, from Vol. 1, 

December, 1903. 

Others unbound. $30.00. 


For offers of other sets see adv. in ELectricaL Worip AND ENnGIngeEr, Oct. 








22 vols. are bound in half red 
A com- 





vols. 







some covers loose, $40.00. 









$125.00. 


A complete set 
No. 1 
bound 





August, 
in cloth 






Vols. 1, 2 and 3 







112 Liberty St., New York 





POSITION WANTED.—By electrical en- 

.gineer, college graduate; extensive ex- 
erience installing and operating electric 
ight and power plants, pole line construc- 
tion, house wiring, meters, etc.; able me- 


chanic and armature winder; prefer in- 
stalling or superintendent of lighting plant. 
Address No. 1288, care Electrical orld 


and Engineer, New York. 





WRITE FOR OUR 
CATALOGUE OF 


Flectrical Books 











#* North, South, East, West, at home and abroad, »* 
ELECTRICAL WORLD AND ENGINEER 
is recognized as the leading electrical journal, and is therefore 


the one which is consulted when purchasing is to be done. 


* % It has no yeographical limitations. 


xe He 





W ANTED.—Good formean who under- 
stands underground cable installation 


and repairs for electric light system. Ad- 
grees oom 301, 435 Sixth Ave., Pittsburgh, 
‘a. 





WANTED.—Three experienced incandes- 
cent lamp salesmen, by an old and 
well established company not in the Trust; 
applicants will pease state age, experience 
and salary wanted. Address No. 835, care 
Electrical World and Engineer, New Yor 





WANTED.—A traveling salesman, fa- 

miliar with western telephone ex- 
change and manufacturing trade; give ref- 
erences and experience. <A. B. C., care 
Electrical World and Engineer, Monad- 


nock, Chicago. 


W ANTED.—A first-class steam engineer 
for electric lighting plant in a western 

town; first-class salary to the right pesty. 

Address No. 1336, care Electrical World 

and Engineer, New York. 

W ANTED.—A man about 30, of good 


address and business ability, with shop 
knowledge pre- 








experience and _ technical 


ferred, to attend to sales of special ma- 
chinery for manufacturing concern; give 
full particulars with salary required. Ad- 
dress No. 1340, care Electrical World and 


Engineer, New York. 


W ANTED.- A night engineer in a hy- 

draulic and electric plant about 130 
miles from Chicago; must be familiar with 
water turbines, governors, and operating 
polyphase generators in parallel; a good op- 
portunity for a capable and willing fellow; 
salary $60 per month to start. Address 
No. 606, care Electrical World and En- 
gineer, Monadnock, Chicago. 


FOR SALE 


One complete electrical testing 
(Wheatstone Bridge and Galvanometer) ar- 
ranged for outside battery, made by Queen 
& Co. at a cost of $125; set in perfect 
order and as good as new, price $80. H. 
Martin, 2 East 6sth St., New York. 


WANTED 


15-H.P. Induction Motor, Type C, 
Westinghouse, 2 phase, 60 cycles, 900 
revolutions per minute, complete with 
starter. Flatbush Gas Company, 

273 Clarkson St., Brooklyn, N. Y. 


set 


I 








NEW AMERICAN REPRINT 


Dynamo-Electric Machinery 


| A Manual for Students of Electro-Technics 
By SILVANUS P. THOMPSON, Author of Design of Dynamos, the Electromagnet and Electromagnetic Mechanism, Polyphase Electric Currents, etc, 
Eighth American Edition, Enlarged and Revised. One Volume, Large 8vo ,Dark Green Cloth. With 19 Folding Plates and Over 500 Illustrations. 800 Pages. Price $5.00 
CON TEN TS. 


Introductory. 

Historical Notes. 

Physical Theory 
Machines. 

Actions and Reactions in the Armature. 

Mechanical Actions and Reactions in 
the Armature. 

Magnetic Principles; and the Magnetic 
Properties of Iron. 

The Magnetic Circuit. 

Forms of Field-Magnets. 

Elementary Theory of the Dynamo. 

Characteristic Curves. 


of Dynamo-Electric 


soma 


: 
a 
' 
} 
! 
' 
& 


McGRAW PUBLISHING CO., 


Constant Potential Dyramos. 
Theory of Armature Winding. 
Practical Construction of Armatures. 


Commutators, Brushes and Brush-Hold- 


ers. 
Mechanical Points in Design and Con- 
struction. 


Elements of Dynamo Design; Calcula- 
tion of Windings. 
Examples of Modern 
tinuous Current). 
Arce Lighting Dynamos. 
Miscellaneous Dynamos. 


Dynamos (Con- 


Continuous-Current Motors. 

Modern Forms of Continuous-Current 
Motors. 

The Principles of Alternate Currents. 

Alternators. 

Synchronous Alternate-Current Motors. 

Asynchronous Motors (Polyphase and 
Monophase). 

Transformers. 

Motor-Generators. 

Electric Transmission of Energy. 

Regulators for Dynamos. 

Testing Dynamos and Motors. 


Numerical 


Forms of Specification 


Management of Dynamos. 


On Wires. 


APPENDIX A. 


APPENDIX B. 
Statistics on Electro-Metal- 
lurgy. 

AppENpDIx C. 
for Dynamos, 
Alternators, and Transformers. 
INDEX. 


BOOK DEPT., 114 LIBERTY STREET, NEW YORK. 
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The Bayley Vertical and Mlorizontal Engines 


AUTOMATIC 
With extended Base for direct connection to any 
Standard Generator. 
1% to 25 K. W. Vertical Enclosed Type. 
, 25 to 100 K. W. Horizontal Enclosed Type. 


WM. BAYLEY & SONS CO. 


MANUFACTURERS 
MILWAUKEE, WIS. 


Sales Agents: OHIO BLOWER CO., Cleveland, O. 
THE GLOBE ENGINEERING CO., San Francisco, Cal. 
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STEAM PUMPS 


14xX20x17x18 Knowles Compound 20x5%4x18 Knowles Duplex Mining 1—7%4x4%x10 Worthington Duplex 1—18x10x12 Snider-Hughes Duplex 


Pumps. Pump. Lad Pump. ump. . . 
gaeentonts Worthingtoh Compound ommense Knowles Duplex Mining ,—;6x914x10 Deane-Holyoke Duplex ore ae ae Deples Pumbe. 
umps. . ‘ump. . ; Pimp. 5—6x4x : . 
a Worthington Compound 1 —— Worthington Duplex >be Hall Duplex Pump. 2S RAS7455 orthington Duplex 
5—8x12x8¥2x10 Worthington Compound 1—12x7x10 Worthington Duplex Pump. 1—7 Yax4 Yax6 Worthington Duplex 1—5%x3%xs5  Deane-Holyoke Duplex 
Pumps. 2—10x6x10 Worthington Duplex Pumps. Pump. umps. b 
I—10x16x8'%x10 Worthington Com- 1—10x6x10 Blake Duplex Pump. — Deane-Holyoke Duplex 3—4%x23%4x4 Worthington Duplex 
umps. umps. 


pound Pump. 1—9x5%x10 Worthington Duplex Pump. 
Also numerous other duplex, single-acting, light service and tank pumps. Triplex and Vacuum pumps, deep well and Artesian Well 


Pumps. Guaranteed. 
A large list of Engines, Boilers, Heaters, Air Compressors, Generators, Motors, and all kinds of Steam, Electrical and Railway equipment. 


A. G. SCHOONMAKER CO., 29 WEST STREET, NEW YORK. 


Earnings and Operating Expenses 


OF 


1300 ELECTRIC RAILWAYS 


In the United States are given in 


American Street Railway Investments, 


1903 Edition. (Tenth Annual Volume.) 
CONTENTS. 


This edition contains reports of 1,36% companies showing in detail the physical and financial condition of the properties. 
nearly 1,300 reports are of an official character, the information being furnished by the railroad companies themselves. 


Of this number 


The reports of the companies are this year arranged by states, instead of alphabetically by towns, as heretofore. Contains about 25 folding 


maps, some in colors, of the most important street railways systems in the United States. 
This annual publication gives a most complete presentation of the financial status of the city, suburban and interurban street railways of 


the United States. It contains a description of all operating companies, including a history from date of organization; a statement of the capi- 
tal stock and funded debt; statistics of operation for several years past in tabular form; details of equipment, including mention of types of ap- 
paratus; maps of the larger systems; names of officers; population of cities served. The “Red Book” is the standard authority in the electric 
railway field, and is of special value to street railway officials wishing to compare their receipts and expenses with those of other companies, to 
bankers and brokers dealing in investment securities, and to manufacturers, contractors, etc., containing as it does, the completest possible sta- 


tistics of every street railway in the United States. 
Gleth, Size of Page, 13 x 914 Inches. Price, $5.00 Prepaid. Sample Pages Free on Application. 


McGRAW PUBLISHING COMPANY, 


114 LIBERTY STREET, BOOK DEPARTMENT, NEW YORK 
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ELECTRICAL WORLD 


DRAWING 


ENGINEERING =: 


ARCHITECTURE 


TELEPHONY 
TAUGHT BY CORRESPONDENCE 


Ilustrated Bulletin giving full information sent free on request 


Mechanical 
Electrical 
Stationary 











UNDREDS of aspiring young and middle-aged men in all walks of life know what 
the instruction of the American School of Correspondence is. Other hundreds 
need just such instruction to enable them to get on in life. To bring to the attention 

of draftsmen, sheet metal workers, mechanical engineers, architects, drawing teachers and 
others interested in drawing, the standard of our instruction, we have compiled from the 
regular instruction papers in our Drawing Courses, a practical treatise under the title of 


COMPENDIUM 
Ff DRAWING 


In Two Volumes. 900 Pages. 
NINE HUNDRED ILLUSTRATIONS, including full page plates, sections, 


diagrams and folding plates. 


By express (prepaid). $ 00 or two monthly pay- 
loney refunded if not ments of $3.00 each. 
= Single volumes, $3.00 


Satisfactory. each 


On receipt of this amount (Address Room 39 K), and the 
names of two persons whom you know to be interested in our courses 
(designating the course), the books will be sent express prepaid with 
the privilege of returning within ten days if not satisfactory and money 
refunded. 

The regular examination questions of the School are bound into 
each volume to test the reader’s knowledge. A compendium of such 
practical value and covering so many branches of drawing has never 
before been offered. The separate volumes necessary to cover the 
ground would easily cost $15.00. We are offering it substantially at 
cost, believing that it will be the means of interesting you further in 
the work of the School. 

PARTIAL TABLE OF CONTENTS 
PART I. PART Il. 


Mechanical Drawing, by Prof. E. Kenison, Massechusetts Institute of Technology, | Working Drawings, by C. L. Griffin, formerly Professor of Machine Design 
Pennsylvania State College, now with Semet-Solvay Co. 


Size of page 
7x10 in. 





Fully Indexed 


Boston. ie 
‘ : ‘s . “ : Bid ss ‘ Threads, Bolts, Nuts, Scale and Assembly Drawings, Blue Printing, Cams, 
Instruments and Materials, Geometrical Drawing, Projections, Line Shad- Pulleys, Belts, Gearing, Pencil Layouts, Working Drawings, Cost, Dimen- 
ing and Lettering, Blue Printing. sions, Lettering Order "Sheets. , ‘s E 
Shades and Shadows, by Prof. H. W. Gardner, Mass. Inst. Tech. Mechanism, by Prof. W. H. James, Mass. Inst. of Tech. 


Revolving Bodies: Disc and Roller, Tight and Loose Pulleys, Clutches, 
Screws, Levers, Cams, Linkwork, Quick Return Motions; Gears: Velocity 
Ratios, Trains. 


Principles and Notation, Co-ordinate Planes, Ground Line Problems, Short 
Methods, Full-page rendered Examples. 


Pen and Ink Rendering, by D. A. Gregg, Mass. Inst. Tech. _ ., | Machine Design, by Prof. C. L. Griffin, formerly Professor of Machine Design 
Materials, Values, Accents, Faults, Rendering by Shadows Only, Pencil Pennsylvania State College, now with Semet-Solvay Co. 
Work, Suggestions, Examples. Theoretical and Commercial Considerations, Original Design, Hand-books, 


Data, Calculations, Notes, Records, Forces, Friction, Stresses, Lubrication, 
Power Transmission, Speed Ratio, Power, Load, Layout, Belts, Pulleys, 
Shafts, Gears, Clutches. 

Sheet Metal Pattern Drafting and Tinsmithing, by Wm. Neubecker, New York 


Perspective Drawing, by Prof. W. A. Lawrence, Mass. Inst. Tech. 
Principles, Station Point, Vanishing Points, Ground Line, Horizon Line, of 
Measures, Perspective Plan, One Point Perspective, Curves, Distortion. 





Architectural Lettering, by F. C. Brown, Architect, Boston. Trade School. : 
Study of Old Examples, Forms, Proportions, Composition, Spacing, Full- Construction, Tools, Intersections, Developments, Irregular Shapes, Trian- 
page Examples Greek, Roman, Gothic, Renaissance, Office Lettering. gulation, Approximate Developments, Practical Shop Problems. 


The instruction papers in every one of the 60 courses of the School have been prepared like these by men of recogoized standing in their several professions. 


American School of Correspondence 


gcetlcis 


Armour Institute of Technology 
CHICAGO, ILL. 
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YLLESBY, H. M., & CO. 





ARCHER, GEO. F., E. E, FrOSTER, HORATIO A, 

























nee Electrical and Mechanical Engineer 
= s Proj " Engin = Consultation, preliminary reports, specificati d 
Meritorious Inventions Exploited. Design, Construct and Operate Ruilway, Light sans 440 -e : 8, specifications an 

. t ° ’ projects. Investigation of lighting, 
Specialist on Intercommunicating Telephone Systems. Power and Hydraulic Plants. rallway and power properties ny Sovdstuent ome 
Steam Plants and Electric Plants. Examinations and Reports. poses. Organization and application of accounting 












systems for central stations, street railways, etc. 
HILADELPHIA, PA. 






150 NASSAU STREET, NEW YORK NEW YORK LIFE BUILDING, CHICAGO, ILL. 6s0 BULLITT BUILDING, P 








8. W. HAMMER, Pres. & Treas. H. J. MINHINNICK, Sec. & Gen’! Sup't 


ENERAL ENGINEERING CO., 


THE 
Consulting and Contracting Engineers 
Telephones—Electric Light—Power Transmission. 
SUITE 1112, 135 ADAMS ST., CHICAGO. 
Long Distance Telephone Central 478. 


RNOLD ELECTRIC POwER 
STATION COMPANY, 
Engineers, Contractors 
MARQUETTE BUILDING, CHICAGO. 
Designers & Builders of Com 


lete 
Electric Railway, Lighting & Power Installations. 
TRANSIT BUILDING, NEW YORK. 


C. W. Carman. M. C. HartMan. 
CARMAN & CO., C. W. 
Engineers 


88 LA SALLE ST., CHICAGO. 





F. M. Asuuey. Puiip K. Stern. 


ASHLEY & STERN, 


Consulting Eiectricel and Mechanical Engineers 
and Solicitors of Patents. 
Experts in Patent Litigation. Inventions developed. 
130 FULTON ST., NEW YORK. 
Telephone, 5876 Cortlandt. 


CCHAPMAN, CHARLES A, HANCHETT, GEO, T. 


Consulting Engineer. Consulting and Electrical Engineer. 


Rooms 1040-42 20 DEARBORN ST. CHICAGO. 114 LIBERTY STREET, NEW YORK. 





PITTSBURG DISTRICT OHO & COMPANY, H. B., Inc ORRY, WILLIAM SMITH 


SSOCIATED ENGINEERING 
co THE 2 aan and Consulting Electrician and Engineer. 
o echanical Engineers Designer of Electrical Machinery. Specialty, Ther- 
Consulting Engineers Contractors for Complete Electric, Hydraulic mo-Electric Furnaces and Automatic Regulators for 
BURG. and Steam Installations, Railways 3 
7o2 EMPIRE BUILDING, PITTSBURG $ UNION CARBIDE WORKS, 





Steam, electrical and hydraulic ponerse. 11¢118 LIBERTY STREET NEW YOkK 


Furnaces and mill work. 
COLLINS, A. FREDERICK 


Wireless Telegraph Engineer 


NIAGARA FALLS, N. Y. 


HREY, HENRY H, 


Consulting Engineer 
Central Lighting Stations. 
Electric Power Transmission 
SUITE 1305, CHEMICAL BLDG., ST. LOUIS, MO. 








W. E. BAKER H. R. BISHOP 


BAKER & CO., W. E. 
Plans and Specifications; Tests, Measurements and 


Opinions; Inventions Developed. Experimental Ap- 
Engineers aareten. P 


Laboratory, 11 BROADWAY, NEW YORK, 













170 BROADWAY NEW YORK 








Rosert E. Hutton. G. H. Hutton, Jr. 


TON ENG’G CO., THE 


LEXINGTON, VA. 
BALTIMORE, MD. 
Consulting and Contracting Electrical and 
[Mechanical Engineers. 
Central Stations, Electric Railways, Steam and Power Plants 





ORSON, Wm. R, C. 


Consulting Engineer. 


Plans, specifications, superintendence of factory, 
power and lighting installations. 

Investigations of electrolysis of underground struc- 
tures. ectric machine design. 


ere. Laboratory tests and exporinente 
36 PEARL ST. HARTFORD, CONN. 





ARSTOW, WILLIAM S. 


Consulting Electrical Engineer. 


56-58 PINE ST., NEW YORK. 
Examinations and Reports on Electric Properties. 
Estimates, Specifications and Plans for Electric Light- 
ing, Power and Railway Plants. 

Telephone 2730 John. 
Western Office ‘‘The Portland,” Portland, Oregon. 













DOBLE: ROBERT McF. ON CITY ENGINEERING CO. 


Consulting and Supervising Engineer Contracting Electrical Engineers. 


Specialty: Hydro-Electric Power Development and 


Long Distance Transmission. Power and Light Installations, 
417 RIALTO BUILDING, Bett L. D. Ten. 1599 Court. 
SAN FRANCISCO. CALIFORNIA. FRICK BLDG., PITTSBURG, PA. 


BROWN, CHAS, L, 


Contracting Electrical Engineer 


8e4 FISHER BUILDING, CHICAGO 
Telephone Harrison 3698 





ACKSON, DUGALD C., C. E. 
URCH, EDWARD P. FORD, BACON & DAVIS, JACKSON, WILLIAM B. M. E. 
Electric Railway Engineer. ; re i 
i ae Slee Babies 24 Broad Street, New York. American Institute et Electrical Engineers 
Betterment of Existing S stems. BRANCH OFFICES. “Kmerkan Socety of Civil Engineers 


Engineering and Financial Examinations. 2104 First Avenue, Birmingham, Ala. Engineers. Experts. 


dA , Kansas City, Mo. 
1222 GUARANTY BLDG., MINNEAPOLIS. wader ty ei Hy eS MADISON. WIS. 





CUTS AND COPY 


for any issue of 


Electrical World and Engineer 


should be sent in one week before the date of issue. 
This announcement is made because letters are frequently re- 
ceived to the effect that the writer had expected to have a large 
~ ; advertisement in a certain Export. Issue, but did not receive notice 
cy Ee Sa Sara Pee he in time. 
" oe ARMA , ely ee To prevent disappointment, please note the above, and also that 


Mec | Se i a ie the Export Issue is the first issue of each month. 


ELECTKICAL WORLD AND ENGINEER, 114 Liberty St., New York 
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ELLY ENGINEERING CO., THE 
JOHN F. 
Consulting and Contracting Engineers 
149 BROADWAY, - ° NEW YORK. 
*Phone-7259 Cortlandt. 





K OHLER BROTHERS 


G. A. Epwarp Kou ter. FRANKLIN W. Kouter. 
Contracting Electrical Engineers 
Lighting, Power, Railways. 
1804-1806-1808-1810-1812 FISHER BUILDING, 
CHICAGO. 


ANSINGH, VAN RENSSELAER. 


IMuminating and Electrical Engineer 


Specialty: The design of illumination for hotels, of- 
fice buildings, public edifices, etc. 


211 JACKSON BOULEVARD, CHICAGO. 
Telephone-—Harrison 2104. 





— Cc. O. 





Consulting Electrical Engineer, 






76 WILLIAM STREET, NEW YORK. 









MASSON, R. S. 


Consulting Electrical Engineer. 


232 CROCKER BLD&. 
San Francisco, Cal. 


706 LANKERSHIM BLDG. 
Los Angeles, Cal. 









MONRCE, HALL & HOPKINS, 
Chemical and Electrochemical Engineers 


OFFICE, BOND BUILDING, WASHINGTON, D. C. 

Plants designed and erected for the manufacture of 
Sulphuric Acid, Nitric Acid, Mixed Acids for Ex- 
plosives, ite, Smokeless Powder and other Ex- 
pegres, the recovery and concentration of spent 
acids, 









MURLT & CO. 


Engineers and Contractors, 


25 PINE STREET, NEW YORK. 


Alternating Current Sys- 
tems a Specialty. 


Complete Electric Plants. 








ALMER, W. K., M. E. 


Consulting Engineer 


Mechanical and Electrical Engineering, Power Plants, 
Manufacturing Establishments, Designing of Machinery, 
Patent Work, Inspections, Tests and Reports. 

KANSAS CITY, MO. 
401 NEW YORK LIFE BLDG. Phone 2967 Main. 
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PATTERSON, H, C, 


Mechanical, Electrical 
and Hydraulic Engineer, 







87 STATE STREET, NEW YORK. 





PEPPER & REGISTER, 


General Contractors 
112-116 N. BROAD ST., PHILADELPHIA, PA. 


Electric Street Railways a Specialty. 





IERCE, Richardson & Neiler 


Consulting and Designing Engineers 







MANHATTAN BUILDING, 
CHICAGO. 
110 STATE STREET, BOSTON. 


R. H. Pierce 
S. G. NEILER 
H. A. RosBInson 


WER INSTALLATION CO. 


Engineers 


Complete Power Plants Designed and Constructed 


GEORGE F, WESCOTT 
BUFFALO, N. Y. 





RATT, CHARLES R. 


M. AM. SOC. M. E. 


EDWARD 


Consulting Engineers. 
Shop _Management, Machine Design and 
Manufacture, Elevator and Traveling Stairway. 
160 FIFTH AVE., NEW YORK 
Telephone 807. Gramercy. 














PRATT & ATKINS 


Engineers 










Electrical, Steam, Mechanical. 
1000-1001 MONADNOCK BLDG., CHICAGO. 





SANDERSON & PORTER, 
Engineers and Contractors, 


Electric Railways, Light, Power and 
Hydraulic Plants. 






NEW YORK. 





s2 WILLIAM STREET, 


SARGENT & LUNDY, 


Engineers, 
1000-46 E. VAN BUREN ST., Chicago. 
FREDERICK SARGENT. A. D. LUNDY. 
















CHOTT, W. H. 


Engineer and Contractor 


1220-21 MARQUETTE BUILDING, CHICAGO. 

Sprecraties.—Central Station Heating Plants, Water 
Works, Steam Plants, Electric Light, Gas and Street 
Railway Plants. 





GHEAFF & JAASTAD, 


Iechanical and Electrical Engineers. 


Plans and specifications for and superintendence of 
Electric Power and Lighting Plants a specialty. 


85 WATER STREET, BOSTON, MASS. 








SMITH, WM. LINCOLN, 


Associate Member American Institute of Electrical Engineers. 
English Institution of Electrical Engineers, 
Consulting Electrical and Illuminating Engineer. Photometric Expert, 
Consultation, prelimiaary reports, specifications, etc. 
Particular attention to interior iilamination, 
Maintenance of color schemes, scientific lighting, etc, 
Complete facilities for testing in all matters of illumination, Spectre 


photometrical work. 
Telephone, Concord 543. CONCORD, MASSACHUSETTS. 










TANTON, LE ROY W. 


Consulting Telephone Engineer 


Plans, Specifications and Supervision of Installation of 
complete telephone plants. 
Special Reports on Telephone Properties and Apparatus, 
411 ELECTRICAL BLDG., CLEVELAND, OHIO 









AGNER, HERBERT A. 


Consulting Electrical and Mechanical Engineer 


Railway, Lighting & Power Plants. 
Specialty, Distribution. 
TIMES BLDG., NEW YORK CITY. 
415 LOCUST ST., ST. LOUIS. 


Wirt E & COMPANY, J. G., 


Incorporated. 
Engineers, Contractors 
43-49 EXCHANGE PLACE, NEW YORK, N. Y. 


London CORRESPONDENT: 
J. G. White & Company, Limited, 
22a College Hill, Cannon St. 













Wir TED, THOMAS B., 
Consulting Electrical and Mechanical 
Engineer, 
Railway, Lighting and Power. 
Plans, Reports, Specifications, Superintendence of 
Transmission work and Electrical Equipment of Mines 
a Specialty. ; 
516 MAJESTIC BLDG., DENVER, COLO. 


The first issue of every month 


has an extraordinary foreign circulation in addition to 
the regular foreign and domestic circulation of ELEC- 
TRICAL WORLD AND ENGINEER. It goes all 
over the world to the best class of men you want to 


reach. 
USE LARGE SPACES AND OUTS. 




































Clark 
Automatic 
Telephone 
Switchboard 
to operate 
72 
Telephones 


Catalogs Free 





in Factories, 





Intercommunication 


Mills, Mines, Warehouses, 
Hotels, Offices and Steamships; also for General Ser- 
vice in Small Towns, is reduced to the Simplest Manner 
by the installations of the 


Clark Automatic Telephone Switchboard Co., 


15 Custom House St., Providence, R. I. 


Plantations, 


(3) 
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Transformer Firs; 
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They Will Develop 
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Good Contacts 
Ensure 
Good Service 







They must be permanently good. 

They should be easily made. 

They should be equally good on both wires 
when the wires clamped are of different 
gauge. 

The man who hasn’t used the 


PEIRCE TEST CONNECTOR 


has missed something. 

It takes any size of wire or any combination 
of sizes. 

It is always ready to receive the wires. 

A turn of the wrench and a firm contact is 
made. Ifa wrench isn’t handy use pliers. 

The copper plate in the centre ensures the 

carrying capacity of the contact. 


LOOK 


AT 
THAT © 


The wires cannot work loose. 
cannot “rock.” 

The screw cannot turn. The pressure is 
all on the wires, and directly over the 


centre of each. 



















The plates 








There is absolutely nothing on the market 


so good. 
There is no other test connector so cheap. 


I WILL MAIL ONE FREE 







to any interested person. 
Catalogue “A” tells the price. 










I also manufacture electrical construction 
specialties of all sorts, including brackets, 
break-arms, pole tops, terminal heads, etc. 
Have you seen my hammer drill? 
Write for Catalogue “A.” It’s full of 
good things. 


C. L. PEIRLCE, JR. 


12-14 South Jefferson Street, Chicago, III. 
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TWO IMPORTANT BOOKS—NEARLY READY 


Wireless Telegraphy 


ITS HISTORY, THEORY AND PRACTICE 
By A. Frederick Collins 


CONTENTS 


Cuapter I.—Ether. II.—Wave Motion. III.—Electric Waves. IV.—Electric Os 
cillations. V.—Disruptive Discharge. VI.—Inductance, Capacity and Resist- 
ance. VII.—Oscillations. VIII.—Induction. IX.—Induction Coils. X.— 
Vibrators. XI.—Oscillating Current Generators. XII.—Electric Wave Action. 
XIII.—Electric Wave Detectors. XIV.—Transmitters. XV.—Receivers. XVI. 
—Auxiliary Apparatus. XVII.—Antennae and Earths. XVIII.—Resonance. 
XIX.—Syntonization. XX.—Wireless Telephony. 


Cloth. About 500 Pages. Fully Illustrated. (In press.) 





This new work on wireless telegraphy, in press, will be the most 
comprehensive review yet published. The style of treatment is entirely 
new, in that a brief historical review of the particular subject under 
consideration is offered; its theory is then treated, both philosophically 
and mathematically, its experimental investigation follows, the chapter 
finally closing with the practical results attained. It differs from the 
standard works of foreign authors: formule and equations are induced 
but the arrangement is such that any reader can obtain the fundamental 
principles, or those skilled in the art may find information. The work 
will have approximately 500 pages and several hundred illustrations. 
Half-tone reproductions of all the systems will be a special feature 
offering a complete pictorial representation to the present time of the 
development of wireless telegraphy. 





Maxwell’s Theory and Wire- 
less Telegraphy 


Part One—Maxwell’s Theory and Hertzian Oscillations 
By H. POINCARE 
Translated by FRED’K K. VREELAND 
Part Two—The Principles of Wireless Telegraphy 
By FRED’K K. VREELAND 





CONTENTS 


PART ONE.—Cuaprter I.—Generalizations Rages ting Electrical Phenomena. _I1.— 
Maxwell’s Theory. III.—Electrical Oscillations Before Hertz. IV.—Hertz’s 


Oscillator. V.—Methods of Observation. VI.—Propagation Along a Wire. 
VII.—Measurement of Wave Length and Multiple Resonance. VIII.—Propa- 
ation jn Air. IX.—Propagation in Dielectrics. X.—Production of Very 


apid Vibrations. XI.—Imitatior? of Optical Phenomena. XII.—Synthesis of 


Light. 
PART’ TWO.—Cuarrer I.—General_ Principles. II.—Telegraphy by Hertzian 
aves. III.—The_ Grounded Oscillator. IV.—Propagation of Grounded 
Waves. V.—The Receiving Apparatus. VI.—Selective Signalling. VII.— 
The Trend of Progress. 


Cloth. About 250 Pages. | Fully Illustrated. Price, $2.00 


This is the only book in any language, so far as we are aware, 
which gives a concise, understandable, non-mathematical exposition 
of Maxwell’s theory, and its applications to modern electrical problems. 
This great generalization of Maxwell, which has done for electrical 
science what Newton’s Principia did for mechanics, has heretofore 
been so buried in abstruse mathematics, as to be accessible only to the 
specialist ; now it is put before the average reader and electrical worker. 

The treatment throughout is logical rather than didactic; where 
proof is impossible without mathematics, mechanical analogies are used 
to illustrate the truth in question, and the reader is given a clear mental 
picture of what takes place when a condenser is charged or a signal is 
sent around the earth. The book will be of use to the student who 
wishes to approach the more advanced theory, as well as to the busy 
engineer who has not time to keep abreast of the recent developments 


outside of his own specialty. 


McGRAW PUBLISHING COMPANY 


BOOK DEPARTMENT 
1i4 LIBERTY STREET, NEW YORK 
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DO YOU 


Want to 
Increase 
Your 
Salary--- 
Better 
Your 


Position? | | 


Pond Machine Tool Co. 
Pratt & Whitney Co. 


RAIL BONDS. 

Roebling’s Sons Co., J. A. 
RAILWAY SUPPLIES (Electric). 
Brush Elec’l eopincering Co. 

Central Electric 
General Electric Co. 
Johns-Manville Co., H. W. 


RAILWAYS (MINIATURE). 
Carlisle & Finch Co. 


RAW HIDE PINIONS. 

New Process Raw Hide Co. 
RECEPTACLES. 

Benjamin Elec. Mfg. Co. 

Dale Company. 

Electro Dynamic Co. 

General snonseacent Arc Light Co. 

Paiste Elec. Mfg. 

Trumbull Elec. eure: Co. 


REELS. 
Conord & Sons, Eugene. 
REFLECTORS. : 
American Reflector & Lighting Co. 
Dale “ey 
Frink, I 
Holophane Glass Co. 
National X-Ray Reflector Co. 
Phenix Glass Co. 
Sunlight Reflector Co. 
REFRIGERATING MACHINERY. 
Vilter Mfg. Co. 
REPAIRING. 
Chicago Edison Co. 
Elliott Bros. Elec. Co. 
Gregory Electric Co. 
Heck, Lea. 
Northwestern Electric Co. 
RHEOSTATS. 
Cutler-Hammer Mfg. Co. 
General Tacandescent Arc Light Co. 
Globe Elec. Controller Co. 
Ward Leonard Electric Co. 
Wirt Electric Co 
ROCK DRILLS. 
Jeffrey Mfg. Co. 
ROSETTES. 
Hart Mf; 
Pass & ee Inc. 
SAL ASEOUIAC. 
Klipstein & Co., A 
Roessler & Hasslacher Chem. Co. 
SCALES AUTOMATIC. 
Richardson Scale Co. 
SCHOOLS AND COLLEGES. 
American School of Correspondence. 








Electrical Engineer Inst. of Correspond- 


ence Inst. 
International Correspondence Schools. 
McGill University. 
Michigan College of Mines. 


SCREWS. 
National-Acme Mfg. Co. 
SE eee 
Bogue, Charles 
Carlisle & Fin 
Ft. Wayne Electrical Works. 
Roche, Wm. (M 
Rushmore D codon Works. 
SECOND-HAND APPARATUS. 
Beardsworth Eng. & Mch. Co. 
Bender, George. 
Bissell & Co., F. 
(ordan’B Electric Co. 
Jor Bros. 

Northwestern Elec. Co. 
Rossiter, peeeerern & Co. 
Schoonmaker Co., A. G. 

Schureman & Co., J. L. 
Station Equipment Co. 
Thompson-Bonney Co. 
Thompson, Son & Co. 

_ Whitehead Machinery Co. 
SHADE HOLDERS. 

|-E-M Shade Holder Co. 
rptoee Globe Holder Co. 


Western Display C 
Haller Machine Co. 


1 comeider the CBdrical 
“TS be of quFal Dalul ts Wisse whe deere an 


EQ ical educa ee 
Cenetax., 





emece Jacstctcione 


ond Mata 


ELECTRICAL WORLD anp ENGINEER. 


'WE CAN TELL YOU HOW 


testify to our successful methods. 











to qualify yourself for a good paying position. 
You study in your spare time, we do the rest. 


Write for our interesting book, 


OUR STUDENTS THROUGHOUT THE WORLD 


We teach by practical methods Electrical Engineering, 
Mechanical Engineering, Steam Engineering, Mechanical Drawing, Telephony, Te- 
legraphy, Electric Lighting, Electric Railways, Electric Motorman’s Course, Short 
Electrical Course, Dynamo Tender’s Course, X-Rays, Mathematics. 


“Can I Become an 


Electrical Engineer?’ We will send it free of charge. 


The Electrical Engineer Institute of Correspondence Instruction 
DEPT. H, 240-242 WEST 234 STREET NEW YORK 
Jos. Wetzier, M.E. E.E., President. 


T. C. Martin, Vice-President. 





CLASSIFIED INDEX—Continued from Page 34. 


SLATE. 

Monson Burmah Slate Co. 
SOCKETS. 

Benjamin Elec. Mfg. Co. 

Dale Company. 

General Electric Co. 

—— Manville Co., H. W. 

aiste Co., T 

Pass & Seymour, Inc. 

Federal Electric Co 

Trumbull Elec. Mfg. Co. 

Yost Electric Mfg. Co. 
SOLDERING FLUX. 

Allen Co., L. B. 

Crescent Company. 

K. & W. Co. 
SOLDERING IRONS. 

American Elec’! Heater Co. 

United Elec. Heating Co. 
SOLENOIDS. 

Schureman & Co., J. L. 
SPRINGS. 

Barnes Co., Wallace. 

Cary Spring Works. 

Dunbar Bros. 

Manross, F. N. 
STAMPINGS—SHEET METAL. 

Bay State Stamping Co. 
STAPLE DRIVERS. 

Minchin, John. 


STEAM ENGINE INDICATORS. 
Crosby Steam Gage & Valve Co. 


STEAM TRAPS. 
Lunkenheimer Co. 


STEEL. 
American Bridge Co. 
Leslie & Co., vn 


STEEL PINS. 
Locke Insulator Mfg. Co. 


STOKERS. 
Westinghouse, Church, Kerr & Co. 


STOPPERS. 
McCullough-Dalzell Crucible Co. 


SUPPLIES, GENERAL ELECTRICAL. 


Bergmann Elec’l Works. 
Bissell & Co., F. 
Central Electric Co. 


Doubleday-Hill Elec. Co. 
Electric gg Co. 
Electrical 


s Supply Co. 

Ewing-Merkle Co. 
General Electric Co. 
Gregory Electric Co. 
— McLean Co. 
a Son, J. 

elsey & Co., W. H. 
Kilbourne & Clark Co. 
Kinsman Elec. & Ry. Supply Co. 
McLeod, Ward & Co. 
Manhattan Elec’! Supply Co, 
Ostrander & Co., W. 
Partrick, Carter & Wilkins. 
Stuart-Howland Co. 
Trumbull Elec. Mfg. Co. 
Warner, W. F. 
Western Electric Co. 


SWITCHBOARDS. 
Allgemeine Elektricitats Gesellschaft. 
American Elec. Gn kn = 
Anderson Mfg. _& I. 

Bissell Co., F. 

Bossert Electric Const. Co. 

British Thomson-Houston Co. 

Clark Automatic Tel. S. B. Co. 
Crouse-Hinds Co 

Electro-Dynamic Co. 

General Incandescent Arc Light Co. 
H. O. S. Engineering Co. 

Haas Elec. & Mfg. Co., R. 

Tohnson & Morton. 

Kellogg Switchboard & Supply Co. 
Keystone Electric Telephone Co 
Lang Elec. Co., J. 

La Roche Co., F. A. 
Muralt & Co. 

National Switchboard Co. 
North Electric Co. 
Sterling Electric Co 


Sundh Electric Co. 
Wagner Elec. Mfg. Co. 
Walker Company. 


SWITCHES, ETC. 
Allgemeine Elektricitats Gesellschaft. 
Anderson Mfg. Co., A J. M. 
Bergmann alos? Works. 
Bissell & Co., F 
Bossert Elec. Const. Co. 
Central Electric Co. 
Chase-Shawmut Co. 
Cook, Frank B. 
Crouse-Hinds Co. 
Cutter Electrical & Mfg. Co. 
Electro-Dynamic Co. 
Ft. Wayne Electric Works. 
General Electric Company. 
General Incandescent Arc Light Co 
Hart Mfg. Co. 
Hill Elec. Co., W. S. 
H. O. S. Engineering Co. 
Tohnson & Morton. 
Lan Elec. in Je 

p a Roche Co. Ff. A. 
fone Co. 
Renim Specialty Co. 
Sterling Electric Co. 
Sundh Electric Co. 
Trumbull Elec. Mfg. Co. 


TABLET BOARDS. 
Bossert Elec. Const. Co. 
Crouse-Hinds Co. 
Tohnson & Morton. 

La Roche Co., F. A. 


TAPE. 
American Electrical Works. 
Electric Appliance Co. 
Manhattan Electrical Supply Co. 
Okonite Co. 
Standard Paint Co. 


TAPS AND DIES. 
Carpenter Tap & Die Co., 
Pratt & Whitney Co. 


TELEPHONES. 
American Bell Telephone Co. 
American Electric Telephone Co. 
Atwater Kent Mfg. Co. 
Automatic Elec. Co. 
Bissell Co., F. 
Central Tel. & Elec. Co. 
Clark Automatic Tel. S. B. Co. 
Clark Tel. & Tel. Co., Thos. F. 
Conn. Telephone & Elec. Co. 
Couch Co., S. H. 
Eureka Elec. Co. 
Ewing-Merkle Elec. Co. 
Holtzer-Cabot Elec. Co. 
International Tele. Mfg. 
Kellogg Switchboard & Supply Co. 
Manhattan Elec’l Supply 
Murdock, H. D. 
North Electric Co. 
Russell-Tomlinson Elec. Co. 
Sterling Electric Co. 
Stromberg-Carlson Tele. Mfg. Co. 
Viaduct fg. Co. 
West Electric Co. 
Western Electric Co. 


TELEPHONE SERVICE. 
New York Telephone Co. 

TELEPHONE SUPPLIES. 
Bissell Co., F. 
Calculgraph Co. 
Central Tel. & Elec. Co. 
Conn. Telephone & Elec. Co. 
Fahnestock Transmitter Co. 
Holtzer-Cabot Elec. Co. 
Kellogg Switchboard & Supply Co. 
North Electric Co. 
Russell-Tomlinson Elec. Co. 
Scranton Button Co. 
Sterling Electric Co. 


TELEPHONE TEST CONNECTORS. 


J. M. 


Benedict & Burnham Brass & Copper Co. 
* TELPHERAGE 


United Telpherage Co. 
TESTING LABORATORY. 
Lamp Testing Bureau. 

THEATRE DIMMERS. 
Cutler-Hammer Mfg. Co. 
Globe Elec. Controller Co. 
Ward Leonard Electric Co. 
Wirt Electric Co. 








TIME STAMPS. 
Am. Watchman’s Time Detector Cv. 
Calculgraph Co. 


TIME SWITCHES. 
Electric Motor & Equipment Co. 
Hartford Time Switch Co. 


TRACTION SYSTEMS. 
General Electric Co. 
Muralt & Co. 


TRANSFORMERS. 
Allgemeine Elektricitats Gesellschaft 
American Transformer Co. 
Crawfordsville Elec. Co. 
Ft. Wayne Electric Works. 
General Electric Co. 
Gregory Electric Co. 
Lakon Co. 
Moloney Elec. Co. 
Muralt & Co. 
New York & Ohio Co. 
Stanley Elec. Mfg. Co. 
Westinghouse Electric & Mfg. Co. 
TRIPLEX BLOCKS. 
Yale & Towne Mfg. Co. 
TROLLEYS AND TRACK OVERHEAI) 
Yale & Towne Mfg. Co 
TUBULAR DISPATCH. 
United Telpherage Co. 


TURBINES. 

Leffel & C James. 

Smith Con °8. Morgan. 
VACUUM PUMPS. 

Alberger, Condenser Co. 

Pulsometer “tee Co., Ltd. 
VACUUM VALVES. 

Acton, vo 
VALVES 

Crane Co. 


Crosby Steam Gage & Valve Co. 

Jenkins Bros. 

wunkenheimer Co. 
VISES. 

Utica Drop Forge & 
VOLTAGE ee 
Bissell & Co., F 

Electric Specialty Co. 
VULCABESTON. 

Johns-Manville Co., H. W. 
VULCANIZED FIBRE. 

Vulcanized Fibre Co. 
WATCHMAN’S CLOCKS. 

Am. Watchman’s Time Detector Co. 


WATER MOTORS. 
Rosenberg Co., A. 
WATER WHEELS. 
Leffel & Co., James. 
Pelton Water oe Co. 
Smith Co., S. Mor, 
WATER WHEEL G ;VERNORS. 
Lombard Governor Co. 
Sturgess Governor Eng’ring Co. 
Woodward Governor Co. 
WINDING MACHINERY. 
American Insulating Machinery Co. 
WINCHES, SAFETY, 
Yale & Towne Mfg. Co. 
WIRELESS TEL. INSTRUMENTS. 
Clark Tel. & Tel. Co., Thos. 
National Elec. Si nalling 2. 
WIRES AND CAB fr ES. 
American Insulating Wire & Cable Co. 
American Elec’l Wks. 
Atlantic Insulated Wire & Cable Co. 
Bridgeport Brass Co. 
Central Electric Co. 
Chicago Insulated Wire Co. 
Connolly Bros., Ltd. 
Crescent Insulated Wire & Cable Co. 
Electric Appliance Co. 
Hazard Mfg. Co. 
Indiana Rubber & Ins. Wire Co. 
India Rubber & G. P. Ins. Co. 
Magnet Wire Co. 
Montauk Fire Detecting Wire Co. 
Moore, A. F. 
National Conduit & Cable Co. 
National India Rubber Co. 
National Wire Corporation, 
New York Insulated Wire Co. 
Okonite Co.» The. 
Roebling’s Sons Co., J. A 
sotety nsulated Wire & Cable Co. 
Simplex Electrical Co. 
Standard peaereend Cable Co. 
Waterbury & Co 


Tool Co. 
LATORS. 
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STANDARD VITRIFIED CONDUIT CO. 


B. S. Barnard, Manager, 39 Cortlandt St., New York 


UNDERGROUND CLAY CONDUITS 
HIGH GRADE MATERIAL 

LARGEST FACTORIES IN THE WORLD 
STOCK ALWAYS ON HAND 


SINGLE OR MULTIPLE DUCT 
We Are Supplying the Largest Contracts in the Trade 









Send for Our Catalogue 
















Low Prices 
Best Quality 
Prompt Delivery 


C6 pay oO. Ss.” 
Knife Switches Switch Boards Panel Boards 
Are the inducements we 


The H. O. S. Engineering Co. _ of Ah _ offer to purchasers of 
NEW YORK, N. Y. 6 ~COiCeaattheer-proof and Slow 
“AMERICAN BRAND Burning Weather-proof 
| INSULATED WIRE AND CABLES Wire and Cables 
Chicago 









HAS NO EQUAL. t 


American Insulated Wire & Gable Co. 


You can increase the efficiency ot your advertising by sending 
us NEW CUTS frequently. 


Vi A i N i ELECTRICAL Laas 
muvee | | McCORMICK 
ane SLATE 60. TURBINES 


PORTLAND, ME. 








4000 H.P., 72 ft. head, arranged to drive generator 
and a single turbine to drive exciter. Five set- 
tings built for the Hudson River Water Power 
Company for their Spier Falls plant and 14 pairs 
51” for their plant at Mechanicsville, N. Y. Write 
for catalogue, if contemplating purchase of tur- 
bines. 


S. MORGAN SMITH CO.,, York, Pa., U.S.A. 176 Federat' Stree 


A WATER WHEEL Sturgess Water Wheel Governors 
The improved Sturgess Governor is 
now recognized as the simplest, best 

GOVERNOR designed and most finely constructed 

governor procurable. It is ~. rapidly 

: replacing all others where accurate 

So simple your own men can and reliable speed regulation is re- 
nstall and operate it successfully. 

Quick control of large changes. Ac- 

curate control of smal! changes. 

Ask for our new catalogue. 


quired. It combines the essentials of 
WOODWARD GOVERNOR CO. 


Se great delicacy, quick movements, 
ROCKFORD, ILL. 


SEARCH LIGHTS 










RUSHMORE PROJECTORS 
are in almost exclusive use in 
all classes of service, and are 
specified for finest Steamers 
and Yachts. 


RUSHMORE DYNAMO WORKS, Plalnfleld, W. J. 





Write for our Catalogue of Electrical Books’ 























great power and absolute speed con- 
trol. 


Write for New 1903 Catalogue. - 


STURCESS COVERNOR 
ENCINEERINC CO. 
West Troy, N. Y. 


if YOU ARF NOT SATISFIED with the speed regulation of your 
water wheels write us and perhaps 

we can help you. We build twelve types of governors. We have governed 
nearly 400,000 horse power of water wheels. We invariably guarantee our 
governors to give a better regulation than has been or can be obtained with any 


other make of governor. We have never yet failed to maintain our guarantee. 
Send us a description of your water wheels and we will make you a proposal. 


The Lombard Governor Co. 


36 Whittier Street, Boston, Mass. 
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MURALT & CO. 


23 PINE STREET. NEW YORK 


As consulting and contract- 





ing engineers we design and 
erect complete electric plants 
in the U.S. or abroad, mak- 
ing a specialty of alternating 


current systems. 


We have a special Export 


Department and on all in- 





stallations in Canada, Mexico, 


Central and South America 











a great saving is effected by 


GAS ENGINE CENTRAL STATION IN IRON WORKS. ° 
Two 1000-H.P. three-phase Generators, 3000 volts, direct coupled to blast-furnace gas engines of correspond- consulting us. 


ing output. 
Power distribution by means of three-phase motors driving ventilators, centrifugal pumps, reservoir pumps, 


steel cupolas, hoists, cranes, etc. 


~<A ; et Ne 


WATER WHEE: 


Sarai eel aneeanR RR REEEReineipeeganatit4 neatint7.teneeeeke 


a 


¢ Po ’ 
ft a a ee 


PIKES PEAK POWER CO. 


The illustration herein shown is that of Pikes Peak Power Co.’s hydro-electric transmission plant, located 
near Victor, Colorado. It consists of three 1000 horsepower Pelton Wheels operating under 1180 foot head 


and direct-connected to electric generator. 
This electric power is supplied to the many mines, mills and other industries in that vicinity. This plant 


has been running day and night for four years at practically no expense for repairs. 
Send for catalog illustrating many other plants of similar character. 


0 Main St., Sa rancisco 
: lg Pelton Water Wheel Co., tia viverty st.. New York 


SAMSON TURBINE 


The illustration shows the large NIAGARA design, HORIZONTAL SHAFT TURBINES. recently in- 
stalled by us, for the NIAGARA FALLS HYDRAULIC POWER & MFG. CO., Niagara Falls, N. Y. Tests 


conducted by competent engineers developed as follows: 








Head. Gateage. Speed. Bir. Generator | Effcy. Turbine Effcy. 
213 ft. Wy 257 r.p.m. 1750 95% 730% 
213 “ ¥/ 257 3000 95% 856% 
213 “ Full 257 “ 3500 95% .815% 


» of the Horizontal Shaft Design, operating under 
direct coupled to Gen- 
at our offices. 





These results have never been equalled by any turbine 
equally HIGH HEADS. The test was made after turbines were installed to position, 
erators. Francis’ weirs and formule for discharge were used. The original test reports on file 
These turbines are all fitted with our SAMSON BALANCED GATES. 


JAMES LEFFEL & CO., Springfield, Ohio, U. S. A. 

















Write Dept. ‘‘H’’ for Catalog 
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f 
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GREENWOOD 
SAFETY WIRE GUARD 


Has inner lamp guard wires that hold the 
lamp directly in centre of outer heavy 
guard. These inner wires are connected at 
top and centre of outer guard, the upper 
connection being in the form of a spring, 
which, when guard receives a knock, gives 
just enough to remove force of blow from 
lamp. 

Higher in price, but they break no lamps. 
They require no shade holder. 


ELECTRIC APPLIANCE COMPANY 


Electrical Supplies 92 and 94 W. VAN BUREN ST., CHICAGO 


are made in more than 
[0,000 Varieties 
for all classes of work in 
Candelabra and Decorative 
Lighting, Multiple and 
Series Burning and in all 
types of Battery Lamps. 








EDISON DECORATIVE AND MINIATURE LAMP DEPT. 


General Electric Company, HARRISON, N. J. 
(12) 


Sterling Insulating, 


Black Finishing and Core Plate Varnishes 
STERLING VARNISH CoO., 


PITTSBURG, PA. 


WE MAKE 


the 


P-K ROSETTE 


that has advantages in 
double method of cap- 
fastening found in no 
other rosette—a % 
turn or a loc 

Send for “deacriptive 


bulletin. 


H. T. PAISTE CO. 
Philadelphia, Pa. 


WHEN WRITING TO ADVERTISERS PLEASE MENTION 


ELECTRICAL WORLD AND ENGINEER 


== MCBRIDE = 
alba pals = 








FITS ANYWHERE 
Has Flexible Terminals 
An Enclosed Fuse 

for 
Panel Boards, 

Open Link 

Cut Outs, etc. 


HorRTON"Massnick Co. 
Successors {0 McBRIDE MFG. CO. 


11-23 RAYNOR ST., DETROIT, MICH. 


























Send for Samples and Prices. 


SAMSON CORDACE WORKS, BOSTON, MASS. 
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STANDARD 
FOR 
EIGHTEEN 
YEARS 


Always soft, pliable and adhesive. Positively weathet 
and acid- proof. Will not dry out. 


THE STANDARD PAINT COMPANY, 


100 William St , New York. 


This illus- 

ETAtICH is 

=e" from an un- 

touched photo- 
graph. 

Both sheets 
are illuminated 
by 16-c.p. Edi- 
son electric 
lamps. The 
one on the right 
is bare; the 
other has a pat- 
ent ** Pagoda ”’ 
prismatic re - 
flector No. 2631 
on it. 


ANY LAMP 


will give increased illumination if equipped with a patent ‘‘Pa- 
goda” reflector that applies the laws of optics to the problem of 
illumination. 

We are the only manufacturers of scientific optical glass re- 
flectors. 

The best proof of customers’ satisfaction is a growing busi- 
ness. Our sales for the past years show an increase of over 100 
per cent. of the preceding year’s business. 


Tbe Illuminating Appliance Co. 


173 GREENWICH STREET, NEW YORK 





Le OY REG pp Ue 
ie: 


152-154 Lahe St. Room 15. | 
KS) 
reg ag oy Yor | a tee Wey Oe 


Atco aT ae 





Che First and Most 


= Arc Light 
AND Tmportant Point 
Trolley Cord about advertising is to select 


the right medium, If you 
want to do business with any 
man in the electrical field in 
any part of the world, the 
right medium to advertise 


in is 


Electrical World and Engineer 





SPECIALTIES 




















